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1. Introduction 
The devoicing of Dutch voiced fricatives is very well-known, not only within the scientific 
linguistic community, but also among non-linguistic habitants of the Netherlands. To illustrate 
this, people in areas like Amsterdam where voiced fricatives have merged completely with 
voiceless fricatives are being characterized as saying: “Ik heb de son sien sakken in de see”, 
instead of “Ik heb de zon zien zakken in de zee”. (I saw the sun going down into the sea.) 
 
In other places of the Netherlands, there is a devoicing of voiced fricatives going on as well, 
but the different fricatives are by far not in all aspects completely merged, as in the southern 
areas voiceless fricatives of all places of articulation have voiced counterparts. But even in the 
Randstad (except for Amsterdam) there is still a contrast between the two labiodental 
fricatives, between the stridents and in some cases even between post-velar fricatives, albeit 
only in certain phonological contexts (Van den Broecke & Van Heuven 1979).
1
  
 
To get hands on this devoicing and to find the insides of the devoicing process, it is a good 
thing to take a sharper look at child’s language acquisition. How do children acquire their 
fricatives in a dialect with voicing fricatives counterparts, like [s] and [z], and with fricatives 
that nearly stand alone in their place of articulation, like the post-velar fricative [x̠]? 2 Are 
these fricatives acquired similarly? To answer these questions, one needs to find out first 
whether children make a distinction at all between fricatives, and moreover what acoustics 
they use to distinguish these sounds. In order to learn more about the development of fricative 
                                                 
1
 The Randstad is a conurbated area in the central west of the Netherlands. 
2
 Brackets, [ and ], are used for phonetic transcriptions corresponding to the International Phonetic Alphabet. 
Graphemes are written in between angle brackets, < and >. In between slashes / and / the sounds that correspond 
to the graphemes are given. 
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acquisition, an apparent time research including different age groups will be described. In this 
way, it can be determined whether young and old children use the same acoustic 
characteristics, and whether there is a development trajectory detectable in the voicing 
distinction. As has been known from the literature (Hermans & Van Oostendorp 2011), the 
occurrence of voiced and voiceless fricatives in Dutch is not only determined lexically, but it 
has very much to do with the phonological context as well. Do children use this context and is 
there a development in the use of this phonological rule?  
 
To gain insights into the above issues, this study attempts to discover how Dutch children 
cope with the production of the distinction between the fricative counterparts of three 
different places of articulation. It seems that children first learn to produce different fricatives 
and, unexpectedly, after a few years they change their use of the voicing counterparts of 
fricatives. This thesis shows the fricative phonetics of children in kindergarten and children 
around ten years of age, and suggests a possible explanation for their phonetics at different 
stages of their childhood. 
 
1.1 Fricative devoicing 
The fricative devoicing in Dutch is not unique, since it happens in a lot of languages. 
Voiceless fricatives are also more prevalent in all languages over the world. In many 
languages there is a distinction between voiced and voiceless fricatives, but these two types of 
fricatives are not equally represented, according to Stevens, Blumstein, Glicksman, Burton & 
Kurowski (1992). Voiceless fricatives appear two to three times as often as voiced fricatives, 
as has been abstracted of a sampling of languages (Maddieson 1984). Moreover, for stridents 
it is almost always the case that a voiced fricative appears in a certain language only if the 
  
voiceless cognate appears in that same language as well. For nonstrident fricatives, the 
numbers of voiced and voiceless consonants are about equal.  
 
That voiced fricatives are less prevalent might have to do with the pronunciation effort. 
Voiced fricatives are not only quite rare in the world's languages, but they are also difficult to 
pronounce (Johnson 2003:124). A voiceless fricative is produced by airflow of a high volume 
velocity that hits an obstacle, somewhere in the vocal tract, and hereby causes a turbulent 
noise, but a voiced fricative needs a vibration of the vocal cords as well. This vibration 
hinders the airflow through the vocal tract, which makes it harder to endure this kind of 
fricative. This is why voiced fricatives are shorter or pronounced devoiced. 
 
But is it really the case that the voiced fricatives are devoicing, or is it more precise to state 
that the two counterparts are merging and that the result is a somewhat voiceless sound, just 
because that sound is more often easier to produce? A reason for this idea is the ascertainment 
that in, for example, German and some parts of Limburg, a province in the southeast of the 
Netherlands, there is a preference for voiced fricatives in onset positions (Hermans & Van 
Oostendorp 2011). This is particularly the case for the strident, which, in these languages, is  
always pronounced voiced in onset position of a syllable. It is therefore better to talk about 
'merging' instead of 'devoicing' of fricatives. Also De Schryver, Neijt, Ghesquière & Ernestus 
(2008) write that voiceless fricatives, produced by people who do not make a distinction, like 
in Amsterdam, are not always completely voiceless. Because of uncertainty some speakers 
might hypercorrect the voiceless sounds and produce them with some voicing. “Typical Dutch 
pronunciations such as [dezɛmbər] (‘December’) and [zɛntral] (‘central’), instead of the 
standard pronunciations [desɛmbər] and [sɛntral], illustrate this point. This voicing may be 
modulated by the same factors as devoicing, that is, phonetic analogy and a word’s token 
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frequency.” It could also be the case that Dutch listeners who still make a distinction hear this 
as a more [z]-like fricative, while it is actually something in between. The question whether 
the examples are due to hypercorrection or not, is still a point of discussion, but it is true that 
even in areas that are expected to contain only voiceless fricatives, still (somewhat) voiced 
fricatives pop up. This might also have to do with the position of the fricative in a word or 
syllable. But before that subject is discussed, an overview will be given of the dialects in 
which fricative merging occurs. 
 
1.1.1 Varieties in Dutch fricative merging 
The diachronic sound change of the devoicing (or merging) of fricatives is represented in the 
different dialects of Dutch. In a lot of areas in the Netherlands and Flanders, there is no 
voicing distinction anymore between two fricatives with similar places of articulation. In 
Flanders, the distinction is the greatest nowadays, in Holland there is only a small distinction, 
more in length rather than in voicing and in the Groningen region all voiced fricatives have 
turned into voiceless fricatives (Pinget, Kager & Van de Velde 2014). Also in the region 
around Amsterdam all fricatives are mostly pronounced without vocal fold vibration.  
 
Overall in the Netherlands, all Dutch voiced fricatives are devoicing, but the sound change is 
the greatest for the dorsal fricatives. The voiced variant and the voiceless variant are as good 
as merged in Standard Dutch, whereas there is still a much clearer distinction between the 
labial fricatives and the dorsal fricatives. Van der Velde, Van Hout and Gerritsen (1996) 
found a significant devoicing of /ɣ/ in Northern Standard Dutch between 1935 and 1950. 
According to Cohen, Ebeling, Fokkema & Van Holk (1972), the Dutch velar fricatives have 
almost merged. They found that /ɣ/ is absent in the speech of the urban speakers of the West 
of the Netherlands and in the North the two variants are only inspired by spelling. Collins & 
  
Mees (2003) more recently stated that in the Netherlands, hardly any speakers of Standard 
Dutch appear to maintain a consistent contrast between /x/ and /γ/ in pairs such as ‘lachen’ (to 
laugh) and ‘vlaggen’ (flags). Noordwijk, the town where the research described in this thesis 
has been carried out, is a town in South Holland, at the coast, near Leiden. It is assumed that 
in Noordwijk, as in the rest of South Holland, the dorsal fricatives are merged.  
 
Kissine, Van der Velde & Van Hout (2003) found that the devoicing of /v/ towards /f/ is 
further than the devoicing of /z/ towards /s/ in Dutch spoken in several places in the 
Netherlands and Flanders. They wrote that this can be explained by the differences in duration 
patterns, for /v/ has quite short durations compared to /f/, /s/ and /z/. I think this has to do with 
the lack of Dutch words containing /v/ after a short vowel, which would make the fricative 
longer. Not taking these words into consideration will make the /v/ shorter overall. 
 
1.1.2 Position of the fricative 
The amount of devoicing in fricatives not only differs among dialects; the position of the 
fricative has an effect on devoicing too. Research of Cho & Giavazzi (2009) with speakers of 
American English has shown that for stops and strident fricatives, a word-initial voicing 
contrast is preserved more often than a word final one, and more often in between sonorants 
than at word boundaries. This hierarchy in word position seems to hold for Dutch as well, 
because the most devoicing of fricatives can be found in word-final position, due to final 
devoicing of all voiced obstruents in Dutch. (Although according to Warner, Jongman, Sereno 
& Kemps (2004) Dutch obstruents in final position are not completely devoiced.) Moreover, 
there is more devoicing word-initial than word-internal. Cohen, Ebeling, Fokkema & Van 
Holk (1961:34) stated that in initial position the difference is only artificially inspired by 
spelling, for all fricatives. More radically, Collins & Mees (1981) found that the opposition 
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between the two velar fricatives is only intervocalic. Van den Broecke & Van Heuven (1979) 
based their research on these findings and tested the acoustic differences between the two 
pronunciations of the spellings <ch> (voiceless/fortis variant) and <g> (voiced/lenis variant) 
in intervocalic, word-internal position, in order to determine whether there were one or two 
dorsal fricatives in Standard Dutch. They found that there was no voicing perceivable in either 
of /χ/ or /ɣ/, but there was a distinction in duration: fricatives written as <g> were shorter than 
fricatives written as <ch>. This was often accompanied by longer vowel durations before <g>. 
 
That intervocalic fricatives are more distinct has articulatory reasons. De Schryver, Neijt, 
Ghesquière & Ernestus (2008) state that in rapid speech a reduction in articulatory effort may 
lead to voicing instead of devoicing of obstruents in intervocalic position. They claim that this 
is especially the case for plosives. They made this statement on the basis of Borden, Harris & 
Raphael (2003:77) who wrote that in rapid speech, it is more difficult to realize an 
interruption of glottal vibration, which is needed for the production of a voiceless obstruent 
between vowels or other voiced segments. These findings have led to the decision to use only 
fricatives in intervocalic positions in the current study. 
 
1.1.3 Orthography 
Another factor that might affect the production of voice in fricatives is orthography. Very 
little research has been done to check whether irregular spellings indeed might affect 
pronunciation. What has been researched is the effect of orthography on the production of 
words.  
 
There are connectionist theories proposed which explain the reading of words and phonemes. 
Ehri (1992) describes an amalgamation theory, which says that for English speakers, 
  
graphemes in the spelling are mapped onto phonemes in the pronunciation. These are stored 
together with the meanings of the words in the memory, forming an amalgam. The reader’s 
knowledge about the grapheme-phoneme system works as a help for the memory of the 
orthography of words.  
 
It is not said that speakers are aware of the spellings of words while speaking those words 
(and not meanwhile reading). Moreover, since the grapheme-phoneme system works mainly 
as glue that secures the connections in memory, it might even be the case that speakers are 
unaware of the exact graphemes of a word. These theories are mainly based on the 
phenomenon of reading and writing and learning to read and write. Not much has been 
written about the effect of orthography on the production of speech, which is actually quite 
reasonable, for talking and listening is a natural skill which children acquire at a young age, 
and reading and writing is a less natural skill, learned by not even all speaking people and if it 
is learned, it cost a lot of effort, compared to learning a spoken language. Therefore it is more 
straightforward to look at the effect of the ingrained speaking and listening skills while 
examining reading and writing than the other way around, i.e., to look at the effect of 
orthography on pronunciation.  
 
But in a culture where children are exposed to orthography a lot once they are literate, it 
might as well be that the knowledge of the graphemes might influence their production of the 
corresponding phonemes. In order to test whether there might be an effect of literacy on 
pronunciation, the age difference of the participants in this study is among others based on 
reading skills. The spelling system of the Dutch fricatives will be described below. 
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For Dutch fricatives, there have been somewhat arbitrary and differing spellings through the 
years, particularly for stridents. Words were sometimes written with an <s> and sometimes 
with a <z> by writers from the same place or even by the same person.
3
 But overall, the 
convention that <v>, <z> and <g> are used for voiced or lenis fricatives and <f>, <s> and 
<ch> for voiceless or fortis fricatives has been very regular, as long as there is a distinction 
present in the spoken dialect (Booij 1999). 
 
Even when a fricative undergoes final devoicing in speech, the pronounced variant - which is 
then the voiceless variant - is written down. See for example (1a), (1b), (2a) and (2b). 
 
(1a) [baːzə] <bazen> ‘bosses’ 
(1b) [baːs] <baas> ‘boss’ 
(2a) [raːf̬ə] <raven> ‘ravens’ 
(2b) [raːf] <raaf>  ‘raven’ 
 
This does hold for labial fricatives as well as for coronals, but not for dorsals. See (3a) and 
(3b), where the orthography of the fricatives does not change even though the suffix is 
missing and the fricative is pronounced unquestionably voiceless. 
 
(3a) [maːx̬̠ə] <magen> ‘stomachs’ 
(3b) [maːx̠] <maag> ‘stomach’ 
 
                                                 
3
 The corpus “Brieven als Buit” contains letters that include multiple words from the same lemma that are 
alternately written with <s> and with <z>. For example, in 1780 Rasmus Thiman from Zeeland wrote in one 
letter the words <zal> and <sal> (3
rd
 person singular “will”) http://brievenalsbuit.inl.nl. 
  
This orthographical rule goes back to the similarity rule of De Vries & Te Winkel (1863) and 
the exception for the dorsal fricative is unclear. It might be that De Vries and Te Winkel could 
still hear a voiced dorsal fricative at the end of words like dag (“day”), or that they were 
influenced by the prevailing spelling of those days, according to Van der Wal & Van Bree 
(2012). 
 
1.2 The acquisition of fricatives 
This study tries to get hands on the acquisition of the fricative contrast of Dutch children. 
Therefore, two groups of children are tested in order to discover a development trajectory in 
age. The children of the first group are 5 or 6 years old and the children of the second group 
are 9, 10 or 11 years old. This age difference is based on the assumption that the younger 
children are in an age stage just before they learn to spell. An additional advantage is that they 
are old enough to carry out a similar task as older children can do. The old group is much 
older than the young group, and they are definitely able to read and write, but they are still 
underneath the age of 12 years old. That means that the old children might not have finished 
their phonology, as Hazan & Barrett (2000) found that British English children have not 
totally completed their phonemic categories until the age of 12. They found by carrying out a 
perception task that children of that age still do not have a strict categorization of /s/ and /z/. 
 
In this study, the difference between the group of young children, 5 and 6 years old, and the 
group of old children, 9, 10 and 11 years old, is on average 4,5 years. The reason for this 
choice is to make sure that the old group is definitely more literate than the young group, 
because the old children have had four to five years of reading and writing education and the 
young group was just before the start of reading and writing education. They were tested at 
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the beginning of the summer before their first grade, or, in some cases, a year before that 
summer. 
 
Hoff (2009:168) describes that for English, children acquire /f/ until the age of four, and the 
fricatives /v/, /s/ and /z/ somewhere between their third and eighth year of age. It is not said 
that this acquisition is not affected by their reading skills. Dutch children on the other hand, 
acquire fricatives before their third birthday according to Beers (1995), see table 1. Both 
groups of participants in this study are therefore expected to be able to produce the fricatives 
sufficiently. So, the young participants, who are 5 and 6 years old, are old enough to be sure 
that they have phonetically acquired the fricatives. It seems that any change in the production 
of fricatives of the age groups will not be a result of the articulatory skills. 
 
Table 1. Age of acquisition in years and months for Dutch syllable initial and final fricatives, according to the > 
75% criterion, from a study by Beers (1995). 
Fricative Syllable initial Syllable final 
s 2;0-2;2 2;0-2;2 
χ 2;0-2;2 2;0-2;2 
f 2;3-2;5 not determined 
v 2;8-3;0 NA 
z not determined NA 
NA = Not applicable, i.e. sound does not occur in that position in Dutch 
 
How do children develop the distinction between fricative voicing counterparts in 
pronunciation? This is a question that will be answered in this study. 
 
  
1.3 Fricatives and vowel duration 
Because Dutch fricatives make the best distinction if they are pronounced in between two 
vowels, only intervocalic fricatives are taken into consideration in this research, and more 
precisely, fricatives preceded by a stressed vowel and followed by an unstressed vowel. The 
occurrence of fricatives in these positions seems to be the result of a phonological pattern, 
although it has a lot of exceptions. Since the contrast between two cognates is not always 
hearable or measurable, the distinction between two cognates is based on the spelling, that 
reflects the original voicing type (<f>, <s>, and <ch> for voiceless and <v>, <z>, and <g> for 
voiced). The phonological rule that determines most occurrences of intervocalic fricatives is 
given in (4). 
 
(4) An intervocalic fricative is voiced after a long vowel and voiceless after a short 
vowel. 
 
For voiced dorsals, there are quite a lot of exceptions (e.g. ‘waggel’, ‘zeggen’, ‘liggen’). 
There are some exceptions for voiceless dorsals (‘juichen’, ‘giechel’), both coronals (‘Pasen’, 
‘oase’, ‘mazzel’, ‘puzzel’), and for voiceless labials (‘tafel’, ‘schuifel’), but for voiced labials 
there are no exceptions. These exceptions, i.e. voiced fricatives after short vowels and 
voiceless fricatives after long vowels, are called ‘marked fricatives’ in this thesis. 
 
How can we explain this phonological rule about fricatives and vowel duration? Hermans & 
Van Oostendorp (2011) use two sound laws for their explanation. The first one is Vaux’s law 
(Vaux 1998), given in (5). 
 
(5) Vaux's Law: A fricative must carry the feature SP (spread glottis). 
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This law makes it possible for fricatives to be voiceless, but it is not a phonetic rule that 
prohibits voiced fricatives. A much stronger rule is that of Avery & Idsardi (2001), given in 
(6). 
 
(6) Avery and Idsardi's Law: The feature SP must occupy two positions. 
 
By using these two laws, Hermans & Van Oostendorp give an account for voicing 
assimilation for fricatives onto stops, but - and this is more important for this thesis - also for 
the relation between vowel length and the voicing of fricatives. They use the Old-Limburgish 
examples ‘baze’ /baːzə/ and ‘passe’ /pɑsə/ (which exist in Standard Dutch as well, albeit with 
different meanings). The first word contains a voiced fricative after a long vowel, so that 
obeys the two laws. The word ‘passe’ contains a fricative with the feature SP. This feature 
occupies two positions, according to Avery and Idsardi’s Law, and therefore takes one 
position of the preceding vowel. Consequently, it is only possible for this vowel to be short. 
The phonological representations of the words are given in figure 1a and 1b below, 
reproduced from figure 8 in Hermans & Van Oostendorp (2011). 
 
Figure 1a. The representation of    1b. The representation of  
baze      passe 
 
 
  
Note that, as it seems to me, this account assumes that vowel duration depends on the fricative 
type and not the other way around. It also assumes that a vowel before a fricative in 
intervocalic position is in default long and will only be shortened by a long (voiceless) 
fricative. 
 
Research by Broersma (2010) accounts for this phonological rule as well. Dutch participants 
listened to nonsense words containing a vowel immediately followed by a voiceless or a 
voiced fricative, /f/, /v/, /s/ or /z/. It seems that long vowels followed by voiced fricatives are 
rated as sounding ‘better’ than short vowels.  
 
A hypothesis to be tested is given in (7). 
 
Marked fricatives (voiced fricatives after short vowels and voiceless fricatives after 
long vowels) behave like their unmarked voicing counterparts and not like their 
voicing companions. 
 
The related question that will be addressed in this thesis is: how do children cope with the 
phonological rule that seems to determine the features of a fricative? Moreover, the question 
whether children enhance the use of the phonological rule as they grow up, will be answered. 
 
1.4 Phonetics of Dutch fricatives 
In this study, the fricative realization of children will be examined in order to know how 
children distinguish their fricatives acoustically, and how they develop the acoustics of the 
fricatives. In order to know how to interpret the findings, it is good to know what fricatives 
Dutch has and how the Dutch fricatives are assumed to be pronounced.  
18  MAARTJE LINDHOUT: THE ACQUISITION OF THE “VOICING” DISTINCTION OF DUTCH FRICATIVES 
 
 
In general, fricatives are phonetically characterized as consonants that have a turbulent 
airstream, which causes noise. To be more specific: for the production of a fricative, a 
narrowing in the speech channel is needed, and if the airflow of the speech has a high volume 
velocity, then turbulence is created, which hearing people perceive as noise (Rietveld & Van 
Heuven 2009; Johnson 2003). In this turbulence, the air molecules are moving vividly in 
many directions, not only towards the aperture of the mouth. Because of this irregularity, the 
sound pressure waves associated with turbulent airflow are random, like those of white noise. 
This is particularly the case for voiceless fricatives (Johnson 2003).  
 
A turbulent noise can be produced if a jet of air escapes from a narrow channel, like in the 
larynx, which is the case for every fricative, albeit not the main sound source. The amplitude 
of a fricative is determined by the particle velocity, which is mainly controlled by the lungs. 
The higher the particle velocity, the higher the amplitude. The amplitude can also be 
increased by a narrowing of a channel. A turbulent noise can also be produced when an 
airstream hits a downstream obstacle, and noise with increased amplitude is generated at that 
obstacle consequently. This noise is a very important basis of the fricative sound, for obstacle 
turbulence tends to be louder than channel turbulence (Johnson 2003:122). Unlike for 
example bilabial or glottal fricatives, all fricatives in this study have an obstacle which forms 
the main source of the noise. For [s] and [z] this is the teeth, but also for labiodental fricatives 
there is this downstream obstacle: the upper lip. 
 
The dialect spoken in Noordwijk, the town that was scrutinized for this thesis, is a variant of 
Standard Dutch, which contains phonemic fricatives of at least three different places of 
articulation: labiodental, alveolar and post-velar. These fricatives, which are also used in this 
  
study, are shown below in table 2. Other fricatives that exist in Dutch, but are not taken into 
consideration, are discussed at the end of this chapter. 
 
Table 2. All Standard Dutch fricatives included in the research, and an example word. 
Fricative Dutch word (IPA) Dutch word (orthography) Meaning 
[f] [ta:fəɫ] <tafel> table 
[f̬] [na:f̬əɫ] <navel> bellybutton 
[s] [kʏsə(n)] <kussen> pillow 
[z] [pʏzəɫ] <puzzel> puzzle 
[x̠/χ̟] [kʏx̠ə(n)] <kuchen> to cough 
[x̬̠/χ̬̟] [mʏx̬̠ə(n)] <muggen> mosquitoes 
 
1.4.1 Labiodental fricatives 
The fricatives produced at the foremost part of the mouth are the labiodental fricatives, [f] and 
[f̬]. The latter one is the 'voicing' counterpart of [f]. The contrast between the two is a fortis-
lenis distinction rather than a voicing distinction and the use of the two counterparts is not 
only lexically dependent, but also depends on assimilation (Collins & Mees 2003). For ease of 
reading, the symbol /f/ will be used for the completely voiceless and fortis variant and, /v/ will 
be used for the lenis variant of the labiodental fricative in this thesis. These two symbols are 
also the corresponding graphemes of the labiodental fricatives in Dutch spelling. 
 
1.4.2 Alveolar fricatives 
The alveolar fricatives [s] and [z] are more distinct. These stridents "are typically formed by 
the blade/front of the tongue against the alveolar ridge. The tip may even rest against the 
upper or lower front teeth, taking no active part." (Collins & Mees 2003). In Noordwijk as 
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well as in other Randstad accents, these stridents are produced somewhat more retracted than 
for example the English [s] and [z]. This effect is the clearest audible in consonant clusters, in 
word final positions and after /r/. The symbols used in this thesis are /s/ for the voiceless 
alveolar fricative, and /z/ for the voiced alveolar fricative. These two symbols are also the 
corresponding graphemes of the alveolar fricatives in Dutch spelling. 
 
1.4.3 Post-velar fricatives 
Another place where a speaker of Standard Dutch makes a constriction in order to produce a 
fricative is at the back of the velum. These fricatives are produced by the back of the tongue 
being raised and the exact place of articulation is post-velar [x̠], or pre-uvular [χ̟]. In Standard 
Dutch this voiceless sound typically "has a very energetic articulation with considerable 
scrapiness." according to Collins & Mees (2003:191). In more southern dialects, there is a 
better contrast between two dorsal fricatives, which are also more fronted, i.e. velar. The 
Standard Dutch spoken in the Randstad is assumed to have practically only one dorsal 
fricative, because of the fricative merging But in order to make phonological distinction 
between the presumably remaining counterparts, the symbols /x/ is used for the voiceless 
post-velar fricative and /ɣ/ is used for the voiced post-velar fricative. 
 
In order to refer to the fricatives used in the research, the phonological terms will be used. So, 
labiodental fricatives are called ‘labial’, alveolar fricatives are called ‘coronal’ and post-velar 
or pre-uvular fricatives are called ‘dorsal’. 
 
  
1.4.4 Excluded fricatives 
Phonetically, the stridents [ʃ] and [ʒ] occur in Standard Dutch as well, but these sounds are 
not taken into consideration in this thesis. This decision was made because they are restricted 
to loanwords and to forms that result from place assimilation with a following [j]. Because 
these sounds are mostly a combination of two different phonemes, they might have longer 
durations. Moreover, the timbre could differ from the starting point and endpoint of the 
fricative and therefore sound quality measurements would be very difficult. (This is also the 
case with a [j] that sometimes fricativizes into a palatal fricative [ç] if it is preceded by a 
stop.) Another reason why these fricatives were left out has to do with the origins of the 
sounds. They are not typical Dutch sounds and if they are not assimilated, like explained 
above, they mostly occur in borrowing words from English, French or German. Some 
examples are shown below in table 3. 
 
Table 3. Excluded fricatives. 
Orthography IPA Meaning Origin 
show [ʃow] show (noun) English 
journaal [ʒuɹnaːɫ] journal French 
 
In Standard Dutch, there is glottal fricative as well, [ɦ]. Some might say this is not a real 
fricative, because there is no real friction in the aperture between the vocal cords, according to 
for example Kloster-Jensen (1991), and Stevens (1999: 330) states that the glottal fricative 
differs from the other fricatives in two ways: it has only one constriction, the glottis, and it has 
a much higher volume flowrate. Moreover, in Dutch, there is only one type, a voiced glottal 
fricative and no voiceless counterpart. Last but not least, the glottal fricative only appears in 
onset positions of syllables, which makes it very hard to find appropriate stimuli. These 
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characteristics make it unnecessary to include the glottal fricative into this fricative voicing 
research. 
 
A relevant question that will be answered in this thesis is: how do the places of articulation of 
the fricatives in Standard Dutch differ in their voicing feature when pronounced by children? 
In order to easily talk about the Dutch fricatives in this thesis, the terms 'voiced fricative' and 
'voiceless fricative' will be used. Note that these terms always refer to the original cognates, 
and therefore to the sounds that are spelled with <f>, <s>, or <ch> for voiceless fricatives, and 
<v>, <z>, or <g> for voiced fricatives. The use of the terms 'voiced' and 'voiceless' is 
therefore mere a convention than a phonological classification, let alone a strict phonetic 
characterization. 
  
  
2. Methods 
2.1 Participants 
All participants were Dutch children who went to any ‘basisschool’ in Noordwijk (South-
Holland). A Dutch ‘basisschool’ consists of a kindergarten, called groep 1 and 2, and a 
primary school, groep 3 up to 8. There was a group of younger children who were 5 or 6 years 
of age and who were in the second year of kindergarten (groep 2). There were 16 of them. 
The old children were 9, 10 or 11 years of age and most of them were in the fourth or fifth 
grade of primary school (groep 6 and 7). This older group consisted of 21 children. For the 
distribution of age and gender per age group, see appendix 1. All participants got a pen, pencil 
or marker as a thank you.  
 
2.2 Stimuli  
2.2.1 Fricatives 
Recall that only plain Dutch fricatives were used in this research. Those are the labial 
fricatives with spelling <f> and <v>, the coronal fricatives <s> and <z>, and the dorsal 
fricatives <ch> and <g>. 
 
2.2.2 Words 
First of all, Dutch words were selected for the experiment. These words all contained an 
intervocalic fricative that was preceded by a stressed syllable and followed by a schwa, which 
never carried stress. This pattern, i.e. a trochaic foot, is very common in Dutch (Trommelen & 
Zonneveld 1989). The marked words, i.e. words containing a short fricative after a short 
vowel or words containing a long fricative after a long vowel, were among the tested research 
stimuli as well, except - of course - for the sequence of a short vowel followed by /v/, because 
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there are no words containing this sequence. The words were all quite simple, i.e. relatively 
high frequent and expected to be known by young children. The stimuli words for the two 
groups were comparable, but not exactly the same. For the young children, slightly fewer 
words, because they did not know all the words that were tested for the old children. 
Moreover, a few other words were used for the young children. Theoretically speaking, this is 
not the preferred setting, but it was decided to use those tokens either way because young 
children were tested later than older children and it was discovered that they new some words 
which were useful for this study. The old children pronounced somewhat more stimuli 
generally. The stimuli set for the young children consisted of 67 illustrations in total, 54 
stimuli and 13 filler stimuli, and the set for the old children consisted of 75 illustrations in 
total, 59 stimuli and 16 filler stimuli. Because not every child knew every word, sometimes 
canonical words were not pronounced. On the other hand, sometimes children spoke other 
words that contained a fricative in a similar environment. All pronounced words are shown in 
appendix 2. This table contains the intended words as well as additional words that were 
spoken by the children and contained fricatives in intervocalic position. The latter set of 
words has a red font. 
 
2.2.3 Pictures 
The researcher searched on the internet for appropriate pictures and illustrations for the 
words, keeping in mind that a young participant would be able to quickly recognize and 
produce the intended word, just by looking at the illustration or after listening to a supporting 
question asked by the researcher. The 54 or 59 illustrations were collected on five different 
sheets and the 13 or 16 filler stimuli were spread across the sheets. It was made sure that 
stimuli with similar canonical phonemes did not follow each other to avoid a potential 
repetition effect. The illustrations were shown on an iPad and in some cases on a smartphone 
  
or a computer. The researcher zoomed in manually on the illustration, so that the focus lay on 
the current illustration. The order of the five sheets differed and was counterbalanced across 
participant and the order within a sheet was randomized for each participant. All pictures are 
provided in appendix 3. 
 
2.3 Recordings 
The recordings were done in a quiet room. That could be a small room at a primary school 
(most sessions), a separate room in a theater (one session), and a quiet room in a residence 
(six sessions). In all (but one) recording sessions, only the researcher and the participant were 
present in the same room. In the occasion with a third person present, she was only watching 
quietly. All recordings were done by an Olympus digital voice recorder VN-8700PC. The 
high mic sense was selected. The sound recordings were captured in WMA-files and later on 
converted online into WAV-files, so that they could be opened and modified in Praat.
 4
 
 
2.4 Measurements 
Per participant sound file, the target words were segmented in Praat. Then both the phoneme 
boundaries and the word boundaries were marked in a TextGrid file, corresponding to the 
sound file. See figure 2 for a clear example. 
 
                                                 
4
 Praat is a scientific computer software package for the analysis of speech in phonetics by Boersma and 
Weenink. www.praat.org 
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Figure 2. Oscillogram and spectrogram (0 to 5000 Hz) of ‘jassen’ with the /s/ selected. Visible part = 657 ms. 
 
2.4.1 Total duration 
Recall that voiced fricatives are more difficult to pronounce than voiceless fricatives (Johnson 
2003:124). A voiceless fricative is produced by airflow of a high volume velocity that hits an 
obstacle, somewhere in the vocal tract, and hereby causes a turbulent noise, but a voiced 
fricative needs a vibration of the vocal cords as well. This vibration hinders the airflow 
through the vocal tract, and it is harder to endure the production of the fricative. This is why 
voiced fricatives do not have that long durations. Also for Dutch fricatives, the 'voicing' 
distinction is mainly represented in the length of the fricative, rather than in the vocal folds 
vibration. According to Crystal & House (1988) the frication interval is longer for voiceless 
fricatives than for voiced fricatives in general for all languages. This is also the case for Dutch 
(Kissine, Van der Velde & Van Hout 2003, Slis & Cohen 1969, Slis & Van Heugten 1989, 
Debrock 1977). Therefore, the total duration was used as one of the four measurements in this 
study. 
 
After labelling fricatives by putting boundaries around them accurately, the total duration 
measurements showed up and got documented. Notwithstanding the effort to be precise in 
putting the boundaries, it was sometimes hard to determine the exact place of the boundary 
  
between a fricative and a vowel. In such cases, the spectrogram offered help. The spectrogram 
namely shows the intensity of the formants and there is a higher intensity level at higher 
frequency range for fricatives produced in the front of the mouth. This was used as a cue. So 
if an area of high frequency can be seen, this was considered as the starting point of the 
fricative. See for example the image below, figure 3. 
 
 
Figure 3. The oscillogram and spectrogram (0 to 5000 Hz) of ‘wegwezen’, with the /z/ selected. Visible part = 
833 ms. 
 
2.4.2 Voicing percentage 
It is generally assumed that the vocal folds do not vibrate during the production of voiceless 
fricatives and on the other hand that they do vibrate during a period of time during the 
production of a voiced fricative (Stevens, Blumstein, Glicksman, Burton & Kurowski 1992). 
Therefore the relative duration of the voiced part of the fricative, here called the voicing 
percentage, is measured as a way to distinguish fricatives. In order to compute the voicing 
percentage, the voiceless part of the fricative was selected. This was also a non-automatic 
measurement. The voiceless part of a fricative is defined as the time interval between the last 
pulse of the preceding vowel and the first pulse of the following vowel. This is based on the 
assumption that the voicing of the fricative is dominantly present in the beginning and the end 
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of the fricative, where the voicing of the vowels assimilate with the fricative. The voicing 
percentage was then computed by firstly subtracting the duration of the voiceless part from 
the total duration, which results in the percentage of voicing. Secondly, the outcome of this 
subtraction is divided by the total duration and multiplied by 100. 
 
The duration measurements were done by hand. The other two measurements, center of 
gravity and harmonicity, were measured by a script, using the labeled fricatives. 
 
2.4.3 Center of gravity 
An acoustic cue for place of articulation is resonance frequency. Fricatives produced in the 
back of the vocal tract have a lower frequency and the more fronted an obstacle is situated, 
the higher the resonance frequency. This is caused by different filtering actions of the vocal 
tract and in particular different lengths of the front cavity. The longer the front cavity, the 
lower the resonance frequency. “Because the sound source is located in the front cavity, and 
because the acoustic coupling between front and back cavities is weak when the vocal tract is 
tightly constricted, the acoustic filtering action of the vocal tract in fricatives is determined 
primarily by the resonant frequencies of the front cavity. (…) When the fricative constriction 
is located in the pharynx, the front cavity is long, and consequently has lower resonant 
frequencies than when the fricative constriction is located further forward in the mouth.” 
(Johnson 2003:125). 
 
Also Kissine, Van der Velde & Van Hout (2003) used this cue and found that voiceless 
fricatives had a higher resonance frequency in Dutch. A way to discover this resonance 
frequency in fricatives is measuring the center of gravity. This is an often used measurement 
for determining the voicing contrast of fricatives. See for example Gordon, Barthmaier & 
  
Sands (2002). It is defined as the average frequency of a selected domain. According to the 
Praat manual, the center of gravity is computed as given in (8).
5
  
 
(8) “If the complex spectrum is given by S(f), where f is the frequency, the centre of 
gravity is given by ∫0
∞
 f |S(f)|
p
 df divided by the "energy" ∫0
∞
 |S(f)|
p
 df. 
Thus, the centre of gravity is the average of f over the entire frequency domain, 
weighted by |S(f)|
p
. For p = 2, the weighting is done by the power spectrum, and 
for p = 1, the weighting is done by the absolute spectrum. A value of p = 2/3 has been 
seen as well.” 
 
2.4.4 Harmonicity 
Voicing in a fricative or elsewhere causes periodic pulses in a spectrogram. To detect the 
relative amount of pulses, one can use an algorithm in Praat that is called harmonics to noise 
ratio. For the ease of use, it is called harmonicity here. The algorithm performs an acoustic 
periodicity detection on the basis of a forward cross-correlation analysis. This is therefore a 
good measure for the distinction between voiced and voiceless fricatives. The precise 
harmonics to noise ratio that has been used is called ‘Harmonicity (cc)’ in Praat. This one is 
chosen, because it was the only one available to put into the script. This script, which includes 
the command of reading the center of gravity as well, can be found in appendix 4. 
 
                                                 
5
 The Praat manual and the corresponding chapter can be found online via http://www.fon.hum.uva.nl/ 
praat/manual/Spectrum__Get_centre_of_gravity___.html. 
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2.4.5 Another possible measure 
Another way to measure voicing or other laryngeal states is making use of electroglottography 
(EGG). This measure determines the vibration velocity of the vocal folds by making use of 
electrodes that are placed onto the Adam’s apple (Rothenberg 1992). This non-acoustic 
method however usually works for people with big larynxes, which makes this measure 
inappropriate for children, who are after all the participants of this study. 
 
2.5 Data analysis 
There were four different measurements done for the fricatives: total duration, duration of the 
voiceless part, center of gravity and harmonicity, and one derived variables: voicing 
percentage. Because the duration of the voiceless part only functions to compute the 
percentage of the voicing percentage, this former variable was ignored at the statistical 
analysis. 
 
All measurements for all words produced by all children were documented. Then outliers 
were marked as such. If for example, a sound was disturbed by a short tick on the 
background, but the beginning and the end of the fricative were still detectable, then a 
fricative was an outlier for the variable center of gravity, but not for total duration. For the 
measure total duration, 1% of the words was an outlier. The measure voicing percentage had 
10% outliers, the measure center of gravity 1,8% and the measure harmonicity 2,4%. 
 
Before analyses were carried out, the data were averaged over repetitions (like Cho & 
McQueen (2005) did), so that each participant contributed only one experimental score per 
condition, irrespectively how many words he or she had produced within this condition. This 
reduction in data guaranteed that the error effects in the analyses of variance were 
  
independent (Kirk 1995; Max & Onghena 1999). Failure to make this kind of data reduction 
can artificially inflate error terms and degrees of freedom, and thus can increase the likelihood 
of making a Type I or α error (i.e. of drawing the incorrect conclusion that a nonexistent 
effect is real).  
 
Evaluation of the systematic influence of various prosodic factors was made based on 
repeated measures General Linear Model ANOVA’s. The within-subject factors were Voicing 
(voiceless vs. voiced), Place of Articulation (labial, coronal and dorsal) and the between-
subject factor was Age group (young vs. old).  
 
In order to avoid violating the sphericity assumption (i.e., the assumption that the variances of 
the difference scores for all pairs of treatment levels are homogeneous; Huynh & Feldt 1970; 
Max & Onghena 1999), Huynh–Feldt corrected degrees of freedom were used in generating F 
ratio and p-values. 
 
In order to further analyze within-factor effects, pairwise ANOVAs were also performed. In 
these analyses, the Bonferroni correction was applied (this corrects for potential 
heterogeneous variances and correlations between repeated observations when there were 
more than two levels to be compared within a factor (Hays 1994).  
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3. Results 
3.1 Total duration  
As the total duration of the fricatives was considered as the main characteristic that divides 
Dutch fricatives into voiced and voiceless counterparts, an examination of the total duration 
was carried out firstly. But before the results are shown, one needs to be aware of the error 
sensibility of the placed boundaries around the fricatives. In this research, it was inevitable to 
work with strict boundaries around the fricatives, whereas in reality there are no strict 
boundaries between phonemes. The fricatives always coarticulate with preceding and 
following vowels. Segmentation can therefore lead to unexpected or uncertain findings in the 
voicing duration and the voicing percentage. 
 
The mean total duration of the fricatives and the standard error is shown in figure 4 below. 
Despite of the measurement uncertainty, there were main effects for both factors on the 
fricative duration, Voicing F[1,35] = 138,488 (p < 0,0001), and Place of Articulation F[2,70] 
= 15,994 (p < 0,0001). The post hoc test showed that voiceless fricatives were significantly 
longer than voiced fricatives with a mean difference of 20 milliseconds (p < 0,0001). The 
main effect for place of articulation implied that first of all, coronal fricatives were 
significantly longer than labial fricatives (p < 0,0001). Moreover, dorsal fricatives were 
significantly longer than labial fricatives (p < 0,0001). In contrast, the duration of coronal and 
dorsal fricatives did not differ significantly (p = 1,000). For the within factor Age group there 
was an effect as well. Young children produced longer fricatives overall than old children did 
(p < 0,0001). For more statistical outcomes, see appendix 5. 
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Figure 4. Mean total durations in milliseconds of the labial, coronal and dorsal voiceless and voiced fricatives, 
pronounced by young and old children. Error bars indicate a 95% confidence interval. 
 
The factor Voicing interacted with the factor Place of Articulation, F[2,70] = 19,534 (p < 
0,0001). The post hoc test showed that /s/’s have longer durations than /f/’s (p < 0,0001). /f/’s 
have longer durations than /v/’s, (p < 0,01), and that /s/’s have longer durations than /z/’s (p < 
0,0001). 
 
Moreover, the three variables Voicing, Place of Articulation and Age group interacted with 
each other, F[2,70] = 3,700 (p < 0,05). There was no between-factor interaction for labial 
fricatives (p = 0,433) and dorsal fricatives (p = 0,151), but there was for coronal fricatives (p 
< 0,05). This implied that only the total durations of /s/ and /z/ differed both mutually and per 
age group. 
 
  
3.2 Voicing percentage 
Figure 5 shows the means and confidence intervals of the voicing percentage per total 
duration. 
 
 
Figure 5. Mean percentages of voicing duration of the labial, coronal and dorsal voiceless and voiced fricatives, 
pronounced by young and old children. Error bars indicate a 95% confidence interval. 
 
Again, there were main effects for both factors, Voicing, F[1,35] = 44,145 (p < 0,0001), and 
Place of Articulation, F[2,70] = 17,756 (p < 0,0001), see appendix 6. Overall, voiced 
fricatives had a greater voicing percentage than voiceless fricatives (p < 0,0001). Some 
different places of articulation had significantly different voicing percentages overall. The 
voicing percentages of labial fricatives were higher than those of dorsal fricatives with a mean 
difference of 11% (p < 0,000). The voicing durations of coronal fricatives were higher than 
those of dorsal fricatives, according to the same test. The mean difference is 8% (p < 0,000). 
Only labial fricatives did not differ from coronal fricatives. There was no main effect for Age 
group in general (p = 0,261). 
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The factor Voicing interacted with the factor Place of Articulation, F[2,70] = 18,103 (p < 
0,0001). There were no other between- or within-factor effects. A post hoc test showed that 
this interaction had to do with the differences among fricatives with unequal places of 
articulation in the first place, because /f/’s had greater voicing percentages than /s/’s (p < 
0,0001), and even greater than /x/’s (p < 0,0001). And /v/’s had greater voicing percentages 
than /ɣ/’s (p < 0,05), and /z/’s greater than /ɣ/’s (p < 0,0001). Moreover, /z/’s had greater 
voicing percentages than /s/’s (p < 0,0001) and /ɣ/’s had greater voicing percentages than /x/’s 
(p < 0,05). 
 
3.3 Center of gravity 
The means and confidence intervals of the center of gravity in hertz are shown in figure 6.  
 
 
Figure 6. Mean centers of gravity in Hertz of the labial, coronal and dorsal voiceless and voiced fricatives, 
pronounced by young and old children. Error bars indicate a 95% confidence interval. 
 
  
There were main effects for the factors Voicing, F[1,35] = 35,135 (p < 0,0001), and Place of 
Articulation, F[2,70] = 186,937 (p < 0,0001), as can be seen in the analyses in appendix 7. 
About voicing, the post hoc test showed that voiceless fricatives had a higher center of gravity 
than voiced fricatives overall (p < 0,0001). Some fricatives of different places of articulation 
had significantly different center of gravity values. The center of gravity values of coronal 
fricatives were higher than those of labial fricatives, with a mean difference of 1805 Hz (p < 
0,0001). The same post hoc test showed that the center of gravity values of coronal fricatives 
were also higher than those of dorsal fricatives with a mean difference of 1956 Hz (p < 
0,0001). Only labial fricatives did not differ from dorsal fricatives. The age groups did not 
differ significantly (p = 0,468). 
 
For center of gravity, there were more interacting factors than for the other measurements. 
Firstly, Voicing interacted with Place of Articulation, F[2,70] = 27,102 (p < 0,0001). More 
precisely: a post hoc test revealed that /s/’s had higher values than /f/’s (p < 0,0001), and also 
compared to /x/’s (p < 0,0001), and /z/’s had higher values compared to /v/’s (p < 0,0001), as 
well as to /ɣ/’s (p < 0,0001). Furthermore, /s/’s had higher centers of gravity than /z/’s (p < 
0,0001). 
 
Secondly, Place of Articulation interacted with the factor Age group, F[2,70] = 6,720 (p < 
0,01). Coronals pronounced by young children had higher centers of gravity than coronals 
pronounced by old children (p < 0,05). 
 
3.4 Harmonicity 
The means and confidence intervals of the harmonics-to-noise ratios are shown below in 
figure 7. 
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Figure 7. Mean harmonics to noise ratios of the labial, coronal and dorsal voiceless and voiced fricatives, 
pronounced by young and old children. Error bars indicate a 95% confidence interval. 
 
All analyses and post hoc tests are consultable in appendix 8. There were main effects for 
Voicing, F[1,35] = 31,954 (p < 0,0001), and Place of Articulation, F[2,70] = 31,871 (p < 
0,0001). About voicing, voiced fricatives had a higher harmonicity rate than voiceless 
fricatives overall (p < 0,0001). The mean harmonicity of coronals was higher than that of 
labials, (p < 0,0001) and the mean harmonicity of coronals was also higher than that of 
dorsals, (p < 0,01). Moreover, labials had a higher mean harmonicity than dorsals, (p < ,01). 
The age groups did not differ significantly overall (p = 0,802). 
 
The factor Voicing interacted with Place of Articulation, F[2,70] = 13,960 (p < 0,0001). A 
post hoc test showed that /s/’s had a higher harmonicity ratio than /x/’s (p < 0,05). /z/’s had a 
higher harmonicity ratio than /s/’s (p < 0,0001). There were no other between- or within-
factor effects. 
  
3.5 Marked fricative occurrences 
Recall the phonological rule that prefers long fricatives after short vowels and short fricatives 
after long vowels. Short fricatives after short vowels and long fricatives after long vowels are 
therefore called ‘marked’. On the basis of this rule, a hypothesis was formulated: Marked 
fricatives (voiced fricatives after short vowels and voiceless fricatives after long vowels) 
behave like their unmarked voicing counterparts and not like their voicing companions. This 
hypothesis was tested with the measure total duration of the fricative, because this measure is 
most reliable for determining the contrast between voiced and voiceless fricatives, as has been 
demonstrated above. An analysis of variance was carried out in order to determine the 
significant differences between different markedness types. Bonferroni pos-hoc tests revealed 
the mean differences and their significance between two markedness types. All results of the 
tests discussed in this section can be found in appendix 9. 
 
3.5.1 Labials 
First of all, the labials were tested. Note that only marked /f/’s were applicable. An overview 
is given in figure 8. All three markedness types of the labial fricatives produced by young 
children differed significantly (p < 0,01). This only had to do with the unmarked /f/’s being on 
average 31 milliseconds longer than /v/’s (p < 0,05). Young children produced marked /f/’s 
just as long as unmarked /f/’s (p = 0,350), and just as long as /v/’s (p = 0,064). 
 
The three markedness types of the fricatives produced by old children differed significantly 
too (p < 0,0001) and all types differed mutually. Marked /f/’s were 24 milliseconds shorter 
than other /f/’s (p < 0,01) and 16 milliseconds longer than /v/’s (p < 0,0001). 
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Figure 8. Mean total durations in milliseconds for marked and unmarked voiceless and voiced labial fricatives, 
sorted by age. (“short V – f” means /f/ after a short vowel.) Error bars indicate a 95% confidence interval. 
 
3.5.2 Coronals 
Second of all, the coronals pronounced by young children were tested. See figure 9 for an 
overview. It turns out that in general, the four markedness types differed, (p < 0,0001). 
Marked /s/’s behaved more like unmarked /z/’s, (p = 0,057), than like unmarked /s/’s, (p < 
0,05). The mean difference with normal /s/’s was namely 23 milliseconds. Marked /z/’s 
showed a similar pattern. They also behaved more like unmarked /z/’s, (p = 1,000), than like 
unmarked /s/’s. The mean difference between marked /z/’s and normal /s/’s is 42 
milliseconds, (p < 0,0001). 
 
Then the coronals pronounced by old children were tested similarly. Again, the markedness 
types differed in general, (p < 0,0001). Marked /s/’s were significantly shorter than unmarked 
/s/’s with a mean difference of 15 milliseconds, (p < 0,01). They neither behaved like 
unmarked /z/’s with a mean difference of 32 milliseconds, (p < 0,0001). Marked /z/’s behaved 
  
more like unmarked /z/’s, (p = 0,087), than like unmarked /s/’s. The mean difference with 
unmarked /s/’s is namely 60 milliseconds, (p < 0,0001). 
 
 
Figure 9. Mean total durations in milliseconds for marked and unmarked voiceless and voiced coronal fricatives, 
sorted by age. (“short V – s” means /s/ after a short vowel.) Error bars indicate a 95% confidence interval. 
 
3.5.3 Dorsals 
Then the dorsals were tested similarly. First of all, the results of the dorsals produced by the 
young children will be given. The analysis of variance showed that in general, the markedness 
types differed significantly, (p < 0,0001). Furthermore, marked /x/’s behaved more like 
unmarked /ɣ/’s (p =1,000) than like unmarked /x/’s, which were on average 27 milliseconds 
longer, (p < 0,0001). Marked /ɣ/’s behaved more like unmarked /x/’s (p = 0,136) than like 
unmarked /ɣ/’s, which were on average 21 milliseconds shorter, (p < 0,0001). 
 
Finally, the dorsals produced by old children were tested. It turns out that again the 
markedness types differed significantly from each other in general, (p < 0,0001). Like those 
produced by the young children, marked /x/’s of old children behaved more like unmarked 
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/ɣ/’s, (p = 1,000), than like the 19 milliseconds longer normal /x/’s, (p < 0,0001). Marked /ɣ/’s 
behaved more like unmarked /ɣ/’s, (p = 0,959), than like unmarked /x/’s, which were 13 
milliseconds longer on average, (p < 0,0001). Figure 10 gives an overview of the results. 
 
 
Figure 10. Mean total durations in milliseconds for marked and unmarked voiceless and voiced dorsal fricatives, 
sorted by age. (“short V – x” means /x/ after a short vowel.) Error bars indicate a 95% confidence interval.  
  
4. Discussion 
4.1 Six fricatives 
Since the age groups do not differ significantly for the measures voicing percentage and 
harmonicity, the results of these measures are given, considering the two age groups as one. 
These measures were able to indicate differences among the six fricatives. Different 
measurements indicated different inequalities. To start with voicing contrast, fricatives that 
are spelled with a 'voiceless' grapheme, like <f, s, ch>, are indeed differently produced than 
fricatives that are spelled with a 'voiced' grapheme, like <v, z, g>, in general. The two 
independent measurements account for this, as can be seen in figures 5 and 7. 
 
To zoom in, /s/ and /z/ differ in both measurements, a difference between /ɣ/ and /x/ is only 
indicated by the voicing percentage.
6
 On the basis of these results, we can conclude that there 
is a difference between the phonemes /s/ and /z/ and between the phonemes /x/ and /ɣ/ in child 
speech of Noordwijk. Note that there is no voicing contrast to be found for labial fricatives, 
but only a contrast in lengthening. This contrast could be dependent of the phonological rule, 
which prefers long fricatives after short vowels and short fricatives after long vowels. Section 
4.2.1 comes back to this. 
 
The measurements were also able to indicate differences among fricatives of different places 
of articulation. It seems clear that the coronal fricatives are most distinctive, since they are 
contrastive in every measure. The by spelling indicated voiced and voiceless nonstridents are 
only proven as distinctive in one measure, total duration for labials and voicing percentage for 
                                                 
6
 The fricatives /f/ and /v/ differ only in total duration of the fricative, but note that for these results, the groups 
needed to be merged, which is inappropriate since the groups differ significantly. 
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dorsals. Because the labials and dorsals are not significantly different in the same measure, a 
ranking of voicing contrast for labials and dorsals is impossible. 
 
The data of the children’s speech show a development towards adult speech. This can be 
demonstrated with data from an adult participant from the pilot research. In figure 11 the 
means of the total durations are shown. 
 
 
 
Figure 11. Mean total durations of intervocalic fricatives in adult speech of one pilot participant. Error bars 
indicate a 95% confidence interval. 
 
Having read these findings, one needs to be aware of the following. The duration 
measurements might be a bit questionable at a certain point. This has to do with the error 
sensitivity of the decision of the place of the boundaries around the fricatives. In this research, 
it was inevitable to work with strict boundaries, whereas in reality there are no strict 
boundaries between phonemes. Coarticulation is always present. Segmentation can therefore 
lead to unexpected findings in the voicing duration and the voicing percentage. 
  
4.2 Development of the voicing distinction 
Now it has been examined how children of Noordwijk distinguish fricatives, but in the lights 
of this thesis, it is also desirable to know how the old children differ from young children in 
the voicing distinction in the production of fricatives.  
 
First of all, only the measurement center of gravity is able to indicate a difference between the 
age groups if we merge the voicing counterparts: in general, coronals produced by young 
children have higher centers of gravity than coronals produced by old children.  
 
Of course, this effect only tells us something about a distinction in place of articulation. For 
this, one has to zoom in on the three-way interaction effect that was found for total duration. 
There is no between-factor interaction for labial fricatives and dorsal fricatives but there is for 
coronal fricatives. This implies that only the total durations of /s/ and /z/ differ both mutually 
and per age group. So children do change their production of coronals somewhere between 
the age of five and eleven years old. This change implies an improvement of the difference 
between /s/ and /z/. As could be expected on the basis of the findings of the voicing 
differences, which informed us about the greatest voicing difference in coronals, it is exactly 
this place of articulation that shows an age effect. 
 
The finding that old children distinguish coronals more than young children do, can be 
explained in two ways. The first explanation has to do with the acquisition of the fricatives. It 
could be the case that children have not finished acquiring the /z/ and because this sound 
should contain the most voice of all fricatives, according to the literature, it is the most 
difficult sound to learn. This could be a reason why old children make a greater distinction 
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between /s/ and /z/ than young children do. The observation that /z/ changes more than /s/ 
does in all measurements, contributes to this explanation. 
 
Another explanation has to do with literacy. Recall that not much is known about the actual 
effect of literacy on speech production, but given the fact that a weighty difference between 
the participant groups is the ability to read and write, this ability could have an effect, i.e., the 
graphemic knowledge of the old children could have had a positive effect on their production 
distinction of fricatives. One could say that this knowledge could therefore also have (and 
have had) an influence on the voicing distinction in fricatives in adult speech and that the 
literate Dutch speakers consequently have inhibited the devoicing of voiced fricatives, but it is 
too radical and too early to claim this on the basis of the results of this study. Further research 
is needed in order to be able to even draw lines between literacy and the (inhibited) devoicing 
of fricatives. 
 
4.2.1 Marked fricative occurrences 
Recall that for labials, coronals and dorsals, there are differences between fricatives that 
correspond to different graphemes (voiced versus voiceless). These findings can be caused by 
a phonological rule and to ensure this, the aforementioned fricatives should be explored 
further. Recall the phonological rule that favors long fricatives after short vowels and short 
fricatives after long vowels. A hypothesis to be tested is then as given in (9).  
 
(9) Marked fricatives behave like their unmarked voicing counterparts and not like 
their voicing companions. 
 
  
It has been examined whether all children use this rule. The question to be answered here is: 
is there a development visible from the young to the old children in the use of the 
phonological rule? 
 
For the testing of the phonological rule, only the data of the coronals and the dorsals could be 
used, because of the lack of Dutch words containing voiced labials after short vowels. The 
measure total duration is used, for this one seems to account the best for the data. 
 
Firstly, the marked voiceless labial, /f/, is considered. Young children produce this fricative 
like both of the other (unmarked) fricatives. This was not expected on the basis of the 
hypothesis, since it should behave only like an unmarked voiced fricative. Old children do 
something completely different, for their marked /f/’s differ from both unmarked /f/’s and 
/v/’s. 
 
Secondly, the voiceless coronal, /s/, is considered. It seems that young children produce a 
marked /s/ more like a /z/ that obeys the rule than like other /s/’s. This accounts in favor of the 
hypothesis. Old children on the other hand produce their marked /s/’s completely different 
from unmarked /s/’s as well as from unmarked /z/’s. 
 
Thirdly, the voiced coronals are considered. Young children produce their marked /z/, like 
they do for the marked /s/, as described above: marked /z/’s behave more like unmarked /z/’s 
than like unmarked /s/’s. Old children do exactly the same. They also produce marked /z/’s 
more like unmarked /z/’s than like unmarked /s/’s. So, there is no development for marked 
/z/’s alone and the fricatives plead against the hypothesis. 
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Fourthly, the orthographically voiceless dorsals that do not obey the phonological rule are 
taken into consideration. It turns out that marked /x/’s pronounced by young children behave 
more like unmarked /ɣ/’s than like unmarked /x/’s. This is supporting the hypothesis. Old 
children do the exact same thing: their marked /x/’s behave more like unmarked /ɣ/’s than like 
unmarked /x/’s. 
 
Fifthly, the marked dorsals written as <g> are considered. Young children turn out to produce 
their marked /ɣ/’s more like unmarked /x/’s than like unmarked /ɣ/’s. This supports the 
hypothesis, but old children do the opposite: they produce marked /ɣ/’s more like unmarked 
/ɣ/’s than like unmarked /x/’s. An overview of these findings is given in table 4, where pluses 
stand for a confirmation of the hypothesis and minuses stand for a falsification of the 
hypothesis. 
 
Table 4. The confirmations (+) and falsifications (−) of the hypothesis given in (9) by marked coronal and dorsal, 
voiceless and voiced fricatives pronounced by young and old children. A plus and minus (+/−) means that the 
fricative differs from both unmarked types. A zero (0) means that the fricative behaves like both unmarked types. 
 Voiceless Voiced  
Young  Old  Young  Old  
Labials 0 +/− NA NA 
Coronals +  +/−  −  −  
Dorsals +  +  +  −  
 
Summarizing, marked voiceless labials do not obey the rule, but neither do the opposite. 
There is a development from no difference with other fricatives to an apparently independent 
fricative. Marked /z/’s and marked /x/’s do not make a development when one compares these 
fricatives to unmarked versions. Marked /z/’s go against the phonological rule, and /x/’s obey 
  
this rule. For /s/ and even better for /ɣ/ there is a strange thing going on: young children tend 
to follow the phonological rule, because the marked sounds behave like their counterparts, 
which was expected, but as long as the children grow up, they seem to let go of the 
phonological rule and, in the case of /ɣ/, pronounce the marked fricative more like its 
orthographical companions. 
 
A possible solution to this latter development has to do with a prominent difference between 
the young and the old participants: literacy. Since the voicing of the fricatives is based on 
their spellings in this study, it can be posited that the knowledge of the spelling that 
corresponds to a fricative influences the pronunciation of that fricative. This might cause the 
neglecting of the phonological rule when it comes to the pronunciation of marked fricatives 
by old children. 
 
4.2.2 The difference between coronals and dorsals 
Still, this explanation does not account for the difference between velars and coronals: dorsals 
confirm the hypothesis more often than coronals do. The cause of this discrepancy can be 
found in the production of /z/. This sound is always pronounced very shortly. A possible 
cause lies on the basis of the different status of coronal fricatives and dorsal fricatives. The 
contrast between /s/ and /z/ is way more conscious in speakers of Standard-Dutch than the 
contrast between /ɣ/ and /x/. This can be evidenced by the fact that young children are not 
taught to produce the sound that corresponds to <g> differently than <ch>, when they are 
taught to read and write, while they are told to pronounce /v/ and /z/ softer, with more voice 
then respectively /f/ and /s/. Also, the dorsal fricatives are assumed to be phonemically one in 
the dialect of Noordwijk and subsequently, phonetic differences might only be caused by the 
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phonological context. The finding that marked /x/’s pronounced by both young and old 
children obey the phonological rule (i.e. sound more like /ɣ/’s than like /x/’s), confirms this. 
 
But still, the idea that /ɣ/ seems to neglect the phonological rule only when it is produced by 
old children does not fit this thought. A very plausible reason for this change of phonetic use 
can be that old children rely more on orthography than young children do and thereby 
articulate sounds in marked phonological contexts more like sounds in usual contexts that are 
written with the same grapheme. When they know that a word containing a marked /ɣ/ is 
spelled with <g>, they might produce the fricative similarly to the fricative that they produce 
for a <g> in other, unmarked contexts.  
 
Recall the voiced dorsal fricative is always spelled as <g>, even word finally, in contrast with 
the graphemes for other voiced fricatives <z> and <v> that are spelled <s> and <f> 
respectively when the fricative occurs in coda position, because of final devoicing. This 
contributes to the finding that this potential orthographical effect is even present in dorsal 
fricatives: literate children might be even more aware of the spellings of words containing 
dorsal fricatives and are therefore more willing to rely on spelling when it comes to the 
production of dorsal fricatives, than when it comes to the production of coronals.  
 
Also because the dorsal fricatives are assumed to be merged, which means that there is no 
other phoneme for the dorsal fricative to deviate from, children are free to variate in the 
production. They are able to vary for example the length or the voicing percentage on the 
basis of the phonological context, like the foregoing vowel. This accounts for clear outcomes 
for dorsal fricatives. 
 
  
4.2.3 Certainty of the findings 
After the findings are considered, some warnings are given that need to be taken into 
consideration while reading the explanation of the results. The first one is about the ages of 
the two participant groups. These ages were chosen on the basis of literacy: young children 
could not read and write and old children could read and write. The development in the 
voicing distinction can therefore not give a complete idea of the development. It shows only 
two stages and this study tries to map the complete acquisition by interpolation and 
extrapolation.  
 
The second warning is about the location of the fricatives. Note that all measurements were 
done on intervocalic fricatives which are pronounced just after a stressed vowel. Fricatives in 
other contexts should undoubtedly have given other outcomes. It is expected that the voicing 
counterparts would not differ that much then.  
 
The third warning has to do with the stimuli words that are plurals of nouns. The young 
children might have difficulties with the production of words that were plurals in the 
experiment of this study. Kerkhoff (2004, 2007) namely found that Dutch-learning children 
between 3 and 7 years old have difficulty producing the singular form of a non-word when 
presented with a plural that contains an intervocalic voiced stop. These young children do not 
produce voicing alternations in non-words that well either. It might therefore be that a word 
like <glazen> has a more s-like fricative, because the singular form <glas>, which ends in a 
voiceless fricative, is more frequent and the alternation is not yet acquired that well. 
 
The fourth side note has to do with vowel length. In order to examine children’s use of the 
phonological rule, it might have been good to not only measure the acoustics of the fricatives, 
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but also to take a look at the preceding vowel. In this study, it has just been assumed that 
vowels were produced like the canonical vowels. For further research, I would like to suggest 
to measure vowel length as well. It is quite possible that the pattern found for fricatives can be 
found for vowels as well, i.e. that phonologically long vowels before voiceless fricatives 
(marked) have similar durations as short vowels before voiceless fricatives (normal), and that 
phonologically short vowels before voiced fricatives (marked) have similar durations as long 
vowels before voiced fricatives. Furthermore, it would be relevant to know whether this 
pattern can be found better in the speech of young or illiterate children than in the speech of 
older or literate children. 
 
  
  
5. Conclusion 
This thesis describes a research on fricatives in child speech. In order to investigate how 
Dutch children acquire the voicing distinction of fricatives in production, a task in which 
children had to name pictures has been carried out. The stimuli words included fricatives in 
intervocalic positions and by recording the speech of the participants and doing different 
measurements, an analysis of these fricatives was done. 
 
It turns out that, as expected from the literature, a voicing distinction can be found between 
coronal fricatives. The /s/ and /z/ differ significantly in all of the four measures, duration, 
voicing percentage, center of gravity and harmonicity. The duration measurements were also 
able to indicate a difference between /f/ and /v/. Surprisingly, a difference between the 
fricatives of the words which include the graphemes <g> and <ch> could be found too, 
namely with the measure percentage of voicing duration, a quite unknown voicing 
measurement. Because of the labials and coronals being distinctive in another measure, these 
results do not completely support the devoicing ranking in place of articulation that has been 
known from the literature about Dutch fricatives, although the two alveolar fricatives certainly 
are more distinct than the two labials and the two coronals are. 
 
About the age difference, and possibly about the development of fricative merging, the 
following conclusions can be made. Children change their production of coronals somewhere 
between the two time periods, 4 or 5 years and 9, 10 or 11 years old. This change implies an 
improvement of the difference between /s/ and /z/. As could be expected on the basis of the 
findings of the voicing differences, which informed us about the greatest effect for coronals, it 
is exactly this place of articulation that shows an age effect. 
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Finally, the hypothesis has been tested whether marked fricatives (fricatives that do not obey 
the phonological rule that favors voiceless fricatives after short vowels and voiced fricatives 
after long vowels) are pronounced more like their voicing counterparts, which do obey this 
rule. It turns out that marked /f/’s do not obey the rule, because they first seem to behave like 
both other types and later on independently, and that marked /z/’s never obey this rule and 
that marked /x/’s always obey this rule, irrespective of the age of the speaker. Remarkable 
findings are done for marked /s/ and marked /ɣ/, because the speakers seem to neglect the 
phonological rule for these sounds as they are getting older. When produced by old children, a 
marked /s/ tends to sound more like an unmarked /s/ and marked /ɣ/’s are even exchangeable 
with unmarked /ɣ/’s.  
 
An explanation for this development might have to do with a prominent difference between 
the younger and the older participants: literacy. Since the voicing of the fricatives is based on 
their spellings in this study, it can be posited that the knowledge about the spelling influences 
the pronunciation. This might cause the neglecting of the phonological rule when it comes to 
the pronunciation of marked fricatives by old children. Further research on the correlation of 
orthography and pronunciation is needed to confirm this hypothesis. Even more research is 
needed in order to be able to draw lines between literacy and the (inhibited) devoicing of 
fricatives.  
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Appendices 
 
Appendix 1. List of participants 
 
Table 5. All participants, sorted per age group, age and gender. 
Young group Old group 
First name Age (years) Gender First name Age (years) Gender 
Timo 5 boy Levi 9 boy 
Sam 5 boy Sijmen 9 boy 
Frederik 5 boy Lenthe 9 girl 
Soomer 5 girl Anneke 9 girl 
Maxime 5 girl Malik 10 boy 
Evi 5 girl Oskar 10 boy 
Tess 5 girl Nynke 10 girl 
Jaynie 5 girl Mirre 10 girl 
Meike 5 girl Eline 10 girl 
Bob 6 boy Nienke 10 girl 
Kasper 6 boy Emma 10 girl 
Tijn 6 boy Suze 10 girl 
Pieter 6 boy Ruben M 11 boy 
Amy 6 girl Ruben V 11 boy 
Isis 6 girl Fenna 11 girl 
Fiene 6 girl Isabel 11 girl 
   Joosje 11 girl 
   Sara 11 girl 
   Frouke 11 girl 
   Mensje 11 girl 
   Elise 11 girl 
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Appendix 2. Stimuli words 
 
Table 6. The words of the analyzed fricatives. A yellow shading means that the word is only asked in one 
particular age group. Stimuli in a red font are additional words, i.e. words pronounced by the participants that 
were included in the analysis, but were not asked by the researcher. There were 16 young children and 21 old 
children in total. Note that some children spoke a word twice. This explains the occurrence of higher amounts of 
responses than the number of participants. 
Voiceless 
fricative 
Stimuli (voiceless) 
Responses Voiced 
fricative 
stimulus (voiced) 
Responses 
Young Old Young Old 
ch 
giechelt 14   
g 
spiegel 15 20 
giechelen 22   wiegen 14 21 
      vliegen 17 18 
lichaam 16 22 biggen 4 21 
      biggens 3   
      biggetje 1   
      biggetjes 12 7 
richel   14 liggen 14 21 
      Egypte 1   
      negen 1   
Tsjechen   9 heggen 16 22 
Tsjechers   2       
Tsjechiasen   1       
Tsjechisten   1       
Tsjechië   19       
Tsjechisch(e)   2       
Tsjechiërs   2       
echo 11 4       
echoput 1         
      spugen 1   
kuchen 11 20 muggen 15 21 
      muggenbult 1   
juichen 15 20 zuigen   15 
      stofzuigen 11 4 
      stofzuiger 4   
      stofzuigeren 1   
lachen 17 26 vlaggen 16 21 
lachende 1         
  
bochel   10 roggen 8 20 
pochen   2 mantaroggen 1   
      roggebrood 1   
kachel 16 21 waggelt 1 7 
      waggel   1 
glimlachen 1   waggelen 6 14 
uitlachen 14 20 zigzaggen   20 
      zaggen   1 
goochelt 4 17 kogel 12 20 
goochel 1         
goochem   2 hoge 16 20 
goochelaar 11 21 vlogen   19 
goochelen 10 4 vogels 16 6 
goocheltruc 1   vogeltje 1   
      vroeger 1   
      zagen 15 21 
      plagen 1   
s 
kousen 13 20 
z 
pauze 15 21 
kniekousen 2 1       
Pasen 16 20 vazen 17 21 
fase 1         
jassen 14 19 mazzel 11 16 
plassen 12 20       
glassen 1         
oase   18 glazen 17 21 
racen 16 21 wezen 6 9 
      wegwezen 9 13 
Chinese 5 21 Chinezen 10 22 
Chinesen 1   deze 1   
Chinesers 2   ruimtewezens 1   
      neuzen 16 22 
piesen 1   kiezen 16 21 
      uitkiezen 1   
      niezen 2   
pissen 1         
platvissen 2 1       
vissen 1         
kussen 16 20 puzzel 13 17 
      puzel 1 4 
      wijzen 18 21 
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      hoefijzers 1   
      muizen 17 19 
f 
fotografen 9 20 
v 
begraven 10 14 
fotografie 1   graven 4 4 
      op/uitgraven   2 
tafel 17   navel 14   
      naveltje 1   
      klavertje 1   
      ravijn 1   
      zeven 2   
twijfelt 3 14 vijver 17 20 
twijfel 5 4       
twijfelen 7 3       
cijfers 16 26 wrijven 16 19 
schuifelt   6 kluiven 11 21 
schuifelen   10 duiven 1 1 
schuifelend   1 schuiven   2 
      rivier 2   
      riviertje 1   
juffen 15 20       
ufo 5 21       
schoffelen 1         
      tovenaar 7 1 
      tovert 2   
      toveren 1   
oefenen 17 13 hoeven 16 21 
oefent   10       
 
  
  
Appendix 3a. Stimuli for the young children 
 
Table 7. Stimuli words and pictures for the young children 
Young Children Stimuli (15 pairs) 
/χ/ /ɣ/ 
ɣi:χəɫt giechelt 
  
spi:ɣəɫ spiegel 
 
  
 
ʋi:ɣə(n) wiegen 
 
lɪχa:m Lichaam   bɪɣə(n) 
biggen 
 
   lɪɣə(n) 
liggen 
 
ɛχo: echo  hɛɣə(n) 
heggen 
 
kʏχə(n) kuchen 
  
mʏɣə(n) muggen 
 
jɶyχə(n) juichen 
 
 
(stɔf)zɶyɣə
(n) 
(stof)zuigen 
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lɑχə(n) lachen 
  
vlɑɣə(n) vlaggen 
 
 
 
  
rɔɣə roggen 
 
kɑχəɫ Kachel   ʋɑɣəɫt 
Waggelt/wagg
elen 
 
‘ɶyt,lɑχə(n) uitlachen 
 
 
 
  
χo:χəɫt goochelt   ko:ɣəɫ 
kogel 
 
   ho:ɣə 
hoge 
 
‘χo:χə,la:r goochelaar   
vlo:ɣə(n) 
vo: ɣəɫs 
Vlogen 
vogels 
 
 
 
  
za:ɣə(n) zagen 
 
[s] [z] 
kausə(n) kousen 
  
pauzə pauze 
 
 
  
pa:sə(n) Pasen 
 
va:zə(n) vazen   
jɑsə(n) jassen  mɑzəɫ mazzel  
   ɣla:zə(n) glazen  
re:sə(n) racen 
 
 
(wɛχ)we:zə
(n) (weg)wezen 
  
ʃine:sə Chinese   ʃine:zə(n) Chinezen   
   nø:zə(n) neuzen  
pi:sə(n)/ 
plɑsə(n) 
Piesen/plasse
n  ki:zə(n) kiezen 
 
kʏsə(n) kussen  pʏzəɫ puzzel  
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   ʋɛizə(n) wijzen  
   mɶyzə(n) muizen  
[f] [v] 
fotoɣra:fə(n) fotografen 
 
 bəɣra:və(n) begraven   
ta:fəl tafel  na:vəl navel  
twɛifəɫt 
twijfelt 
  vɛivər vijver   
sɛifərs 
cijfers 
  wrɛivə(n) wrijven 
 
 
  
  klɶyvə(n) 
kluiven 
  
jʏfə(n) juffen 
  
  
y:fo ufo 
  
  
  
u:fənt 
Oefen(t)/oefe
nen 
 hu:vən 
hoeven 
 
 
Filler stimuli 
kip 
  zon 
 
krant 
 vuur  
popcorn 
 ijsje  
strand 
 vlinder  
bal 
 
beer  
slippers 
 
slang 
 
lamp 
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Appendix 3b. Stimuli for the old children 
 
Table 8. Stimuli words and pictures for the old children 
Old Children Stimuli (15 pairs) 
/χ/ /ɣ/ 
ɣi:χəɫt giechelt 
  
spi:ɣəɫ spiegel 
 
  
 
ʋi:ɣə(n) wiegen 
 
lɪχa:m Lichaam   bɪɣə(n) 
biggen 
 
rɪχəɫ richel  lɪɣə(n) 
liggen 
 
tʃɛχə(n) Tsjechen  hɛɣə(n) 
heggen 
 
kʏχə(n) kuchen 
  
mʏɣə(n) muggen 
 
jɶyχə(n) juichen 
 
 
(stɔf)zɶyɣ
ə(n) 
(stof)zuigen 
 
  
lɑχə(n) lachen 
  
vlɑɣə(n) vlaggen 
 
bɔχəɫ 
bochel 
 
 
rɔɣə roggen 
 
pɔχə(n) 
pochen  
   
kɑχəɫ Kachel   ʋɑɣəɫt 
Waggelt/wagg
elen 
 
‘ɶyt,lɑχə(n) uitlachen 
 
 
‘zɪχ,zɑɣə(n
) 
zigzaggen 
 
χo:χəɫt goochelt   ko:ɣəɫ 
kogel 
 
χo:χəm Goochem  ho:ɣə 
hoge 
 
    
vlo:ɣə(n) 
vo: ɣəɫs 
Vlogen 
vogels 
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‘χo:χə,la:r goochelaar  
   
   
za:ɣə(n) zagen 
 
/s/ /z/ 
kausə(n) kousen 
  
pauzə pauze 
 
 
pa:sə(n) Pasen 
 
va:zə(n) vazen   
jɑsə(n) jassen  mɑzəɫ mazzel  
   ɣla:zə(n) glazen  
re:sə(n) racen 
 
 
(wɛχ)we:z
ə(n) (weg)wezen 
  
ʃine:sə Chinese   ʃine:zə(n) Chinezen   
  
oazə oase    
 
   nø:zə(n) neuzen  
pi:sə(n)/ 
plɑsə(n) 
Piesen/plasse
n  ki:zə(n) kiezen 
 
kʏsə(n) kussen  pʏzəɫ puzzel  
   ʋɛizə(n) wijzen  
   mɶyzə(n) muizen  
/f/ /v/ 
fotoɣra:fə(n) fotografen   
bəɣra:və(n
) begraven   
twɛifəɫt 
twijfelt 
  vɛivər vijver 
 
 
sɛifərs 
cijfers 
  wrɛivə(n) wrijven 
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sχɶyfəlt schuifelt 
 
 klɶyvə(n) 
kluiven 
 
 
jʏfə(n) juffen 
  
  
y:fo ufo 
  
  
u:fənt 
Oefen(t)/oef
enen 
 hu:vən 
hoeven 
 
 
Filler stimuli 
kip 
  zon 
 
krant 
 vuur  
popcorn 
 telefoon  
strand 
 longboard  
  
bal 
 diamant  
slippers 
 
slang 
 
lamp 
 
beer 
 
spaken 
 
zadel 
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Appendix 4. Praat script for measuring center of 
gravity and harmonicity 
 
############################################################ 
###    get_cogANDhnr.praat 
###    MEASURES CENTER OF GRAVITY and harmonicity (cc) FOR SEGMENTS IN A TEXTGRID 
############################################################ 
 
#PROMT THE USER FOR INPUT 
form Measure Center of Gravity and Harmonicity for segments in a textgrid 
    sentence sound_file VN8700 
endform 
 
#DELETE THE OLD FILE IF IT EXISTS 
filedelete COGHNR_'sound_file$'.txt 
 
#COUNT THE NUMBER OF INTERVALS IN THE PHONES TIER OF THE TEXTGRID 
select TextGrid 'sound_file$' 
intervals = Get number of intervals... 1 
 
#GO THROUGH THE PHONE INTERVALS ONE BY ONE 
for i from 2 to intervals-1 
    select TextGrid 'sound_file$' 
    phone$ = Get label of interval... 1 i 
 
    #SEE IF THE INTERVAL LABEL IS A PHONE 
    if phone$ = "f" or phone$ = "v"  or phone$ = "s" or phone$ = "z" or phone$ = 
"ch" or phone$ = "g" 
 
        #GET TIMES DURING THE PHONE 
        start = Get starting point... 1 i 
        end = Get end point... 1 i 
        quarter = start + (end-start) / 4 
        halfway = start + (end-start) / 2 
        three_quarters = start + (end-start) * 3 / 4 
 
 #GET CENTER OF GRAVITY 
 select Sound 'sound_file$' 
 Extract part... 'quarter' 'three_quarters' rectangular 1 no 
 To Spectrum... yes 
 cog=Get centre of gravity... 2 
 select Spectrum 'sound_file$'_part 
 plus Sound 'sound_file$'_part 
 Remove 
  
 #by Maartje GET HARMONICS to NOISE RATIO 
 select Sound 'sound_file$' 
 Extract part... 'start' 'end' rectangular 1 no 
 To Harmonicity (cc): 0.01, 75, 0.1, 1 
 hnr=Get mean: 0, 0 
 select Harmonicity 'sound_file$'_part 
 plus Sound 'sound_file$'_part 
 Remove 
  
        #IDENTIFY THE WORD 
  select TextGrid 'sound_file$' 
        j = Get interval at time... 2 halfway 
        word$ = Get label of interval... 2 j 
 
        word_start = Get starting point... 2 j 
        word_end = Get end point... 2 j 
 
 
        #RECORD THE  MEASUREMENTS edited by Maartje 
     fileappend COGHNR_'sound_file$'.txt 'word$''tab$''cog''tab$''hnr''newline$' 
endif 
  
endfor 
Appendix 5a. Repeated measures for Total Duration 
 
Tests of Within-Subjects Effects for Total duration 
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
poa Sphericity Assumed 6915,068 2 3457,534 15,994 ,000 
Greenhouse-Geisser 6915,068 1,969 3512,136 15,994 ,000 
Huynh-Feldt 6915,068 2,000 3457,534 15,994 ,000 
Lower-bound 6915,068 1,000 6915,068 15,994 ,000 
poa * Age_group Sphericity Assumed 726,216 2 363,108 1,680 ,194 
Greenhouse-Geisser 726,216 1,969 368,842 1,680 ,194 
Huynh-Feldt 726,216 2,000 363,108 1,680 ,194 
Lower-bound 726,216 1,000 726,216 1,680 ,203 
Error(poa) Sphericity Assumed 15132,109 70 216,173   
Greenhouse-Geisser 15132,109 68,912 219,587   
Huynh-Feldt 15132,109 70,000 216,173   
Lower-bound 15132,109 35,000 432,346   
voi Sphericity Assumed 22695,714 1 22695,714 138,488 ,000 
Greenhouse-Geisser 22695,714 1,000 22695,714 138,488 ,000 
Huynh-Feldt 22695,714 1,000 22695,714 138,488 ,000 
Lower-bound 22695,714 1,000 22695,714 138,488 ,000 
voi * Age_group Sphericity Assumed 132,859 1 132,859 ,811 ,374 
Greenhouse-Geisser 132,859 1,000 132,859 ,811 ,374 
Huynh-Feldt 132,859 1,000 132,859 ,811 ,374 
Lower-bound 132,859 1,000 132,859 ,811 ,374 
Error(voi) Sphericity Assumed 5735,875 35 163,882   
Greenhouse-Geisser 5735,875 35,000 163,882   
Huynh-Feldt 5735,875 35,000 163,882   
Lower-bound 5735,875 35,000 163,882   
poa * voi Sphericity Assumed 4920,232 2 2460,116 19,534 ,000 
Greenhouse-Geisser 4920,232 1,969 2498,215 19,534 ,000 
Huynh-Feldt 4920,232 2,000 2460,116 19,534 ,000 
Lower-bound 4920,232 1,000 4920,232 19,534 ,000 
poa * voi * Age_group Sphericity Assumed 931,887 2 465,943 3,700 ,030 
Greenhouse-Geisser 931,887 1,969 473,159 3,700 ,030 
Huynh-Feldt 931,887 2,000 465,943 3,700 ,030 
Lower-bound 931,887 1,000 931,887 3,700 ,063 
Error(poa*voi) Sphericity Assumed 8815,953 70 125,942   
Greenhouse-Geisser 8815,953 68,932 127,893   
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Huynh-Feldt 8815,953 70,000 125,942   
Lower-bound 8815,953 35,000 251,884   
 
Appendix 5b. Post hoc tests for Total Duration 
 
Voicing 
Estimates 
voi Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1 138,672 3,039 132,503 144,842 
2 118,263 2,908 112,359 124,167 
 
Pairwise Comparisons 
(I) voi (J) voi 
Mean Difference (I-
J) Std. Error Sig.b 
95% Confidence Interval for Differenceb 
Lower Bound Upper Bound 
1 2 20,409* 1,734 ,000 16,888 23,930 
2 1 -20,409* 1,734 ,000 -23,930 -16,888 
Based on estimated marginal means 
*. The mean difference is significant at the ,05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
 
Multivariate Tests 
 Value F Hypothesis df Error df Sig. 
Pillai's trace ,798 138,488a 1,000 35,000 ,000 
Wilks' lambda ,202 138,488a 1,000 35,000 ,000 
Hotelling's trace 3,957 138,488a 1,000 35,000 ,000 
Roy's largest root 3,957 138,488a 1,000 35,000 ,000 
Each F tests the multivariate effect of voi. These tests are based on the linearly independent pairwise 
comparisons among the estimated marginal means. 
a. Exact statistic 
 
Place of articulation 
Estimates 
poa Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1 120,603 3,185 114,137 127,070 
2 133,498 3,041 127,324 139,672 
3 131,302 3,292 124,618 137,986 
 
Pairwise Comparisons 
  
(I) poa (J) poa 
Mean Difference (I-
J) Std. Error Sig.b 
95% Confidence Interval for Differenceb 
Lower Bound Upper Bound 
1 2 -12,895* 2,568 ,000 -19,353 -6,437 
3 -10,699* 2,441 ,000 -16,836 -4,561 
2 1 12,895* 2,568 ,000 6,437 19,353 
3 2,196 2,302 1,000 -3,593 7,985 
3 1 10,699* 2,441 ,000 4,561 16,836 
2 -2,196 2,302 1,000 -7,985 3,593 
Based on estimated marginal means 
*. The mean difference is significant at the ,05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
 
Multivariate Tests 
 Value F Hypothesis df Error df Sig. 
Pillai's trace ,449 13,841a 2,000 34,000 ,000 
Wilks' lambda ,551 13,841a 2,000 34,000 ,000 
Hotelling's trace ,814 13,841a 2,000 34,000 ,000 
Roy's largest root ,814 13,841a 2,000 34,000 ,000 
Each F tests the multivariate effect of poa. These tests are based on the linearly independent pairwise 
comparisons among the estimated marginal means. 
a. Exact statistic 
 
Age group 
Estimates 
Age_group Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
Young 142,885 4,287 134,182 151,588 
Old 114,050 3,742 106,454 121,647 
 
Pairwise Comparisons 
(I) Age_group (J) Age_group 
Mean Difference 
(I-J) Std. Error Sig.b 
95% Confidence Interval for 
Differenceb 
Lower Bound Upper Bound 
Young Old 28,835* 5,690 ,000 17,283 40,387 
Old Young -28,835* 5,690 ,000 -40,387 -17,283 
Based on estimated marginal means 
*. The mean difference is significant at the ,05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
 
Univariate Tests 
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 Sum of Squares df Mean Square F Sig. 
Contrast 7550,405 1 7550,405 25,678 ,000 
Error 10291,415 35 294,040   
The F tests the effect of Age_group. This test is based on the linearly independent pairwise comparisons 
among the estimated marginal means. 
  
  
Appendix 6a. Repeated measures for Voicing percentage 
 
Tests of Within-Subjects Effects for Voicing percentage 
Source 
Type III 
Sum of 
Squares df 
Mean 
Square F Sig. 
Noncent. 
Parameter 
Observed 
Powera 
poa Sphericity 
Assumed 
4550,109 2 2275,054 17,756 ,000 35,513 1,000 
Greenhouse-
Geisser 
4550,109 1,568 2902,022 17,756 ,000 27,840 ,999 
Huynh-Feldt 4550,109 1,675 2715,808 17,756 ,000 29,749 ,999 
Lower-bound 4550,109 1,000 4550,109 17,756 ,000 17,756 ,984 
poa * Age_group Sphericity 
Assumed 
394,805 2 197,402 1,541 ,221 3,081 ,317 
Greenhouse-
Geisser 
394,805 1,568 251,803 1,541 ,225 2,416 ,280 
Huynh-Feldt 394,805 1,675 235,646 1,541 ,224 2,581 ,289 
Lower-bound 394,805 1,000 394,805 1,541 ,223 1,541 ,227 
Error(poa) Sphericity 
Assumed 
8968,879 70 128,127     
Greenhouse-
Geisser 
8968,879 54,877 163,437     
Huynh-Feldt 8968,879 58,640 152,949     
Lower-bound 8968,879 35,000 256,254     
voi Sphericity 
Assumed 
7241,911 1 7241,911 44,145 ,000 44,145 1,000 
Greenhouse-
Geisser 
7241,911 1,000 7241,911 44,145 ,000 44,145 1,000 
Huynh-Feldt 7241,911 1,000 7241,911 44,145 ,000 44,145 1,000 
Lower-bound 7241,911 1,000 7241,911 44,145 ,000 44,145 1,000 
voi * Age_group Sphericity 
Assumed 
,005 1 ,005 ,000 ,995 ,000 ,050 
Greenhouse-
Geisser 
,005 1,000 ,005 ,000 ,995 ,000 ,050 
Huynh-Feldt ,005 1,000 ,005 ,000 ,995 ,000 ,050 
Lower-bound ,005 1,000 ,005 ,000 ,995 ,000 ,050 
Error(voi) Sphericity 
Assumed 
5741,652 35 164,047     
Greenhouse-
Geisser 
5741,652 35,000 164,047     
Huynh-Feldt 5741,652 35,000 164,047     
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Lower-bound 5741,652 35,000 164,047     
poa * voi Sphericity 
Assumed 
2729,459 2 1364,729 18,103 ,000 36,206 1,000 
Greenhouse-
Geisser 
2729,459 1,898 1438,117 18,103 ,000 34,358 1,000 
Huynh-Feldt 2729,459 2,000 1364,729 18,103 ,000 36,206 1,000 
Lower-bound 2729,459 1,000 2729,459 18,103 ,000 18,103 ,985 
poa * voi * 
Age_group 
Sphericity 
Assumed 
311,581 2 155,791 2,067 ,134 4,133 ,412 
Greenhouse-
Geisser 
311,581 1,898 164,168 2,067 ,137 3,922 ,400 
Huynh-Feldt 311,581 2,000 155,791 2,067 ,134 4,133 ,412 
Lower-bound 311,581 1,000 311,581 2,067 ,159 2,067 ,288 
Error(poa*voi) Sphericity 
Assumed 
5277,128 70 75,388     
Greenhouse-
Geisser 
5277,128 66,428 79,441     
Huynh-Feldt 5277,128 70,000 75,388     
Lower-bound 5277,128 35,000 150,775     
a. Computed using alpha = ,05 
 
Appendix 6b. Post hoc tests for Voicing percentage 
 
Voicing 
Estimates 
Voicin Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1 13,376 1,520 10,289 16,462 
2 24,904 2,707 19,409 30,400 
 
Pairwise Comparisons 
(I) Voicin (J) Voicin 
Mean Difference (I-
J) Std. Error Sig.b 
95% Confidence Interval for Differenceb 
Lower Bound Upper Bound 
1 2 -11,529* 1,735 ,000 -15,051 -8,006 
2 1 11,529* 1,735 ,000 8,006 15,051 
Based on estimated marginal means 
*. The mean difference is significant at the ,05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
 
Multivariate Tests 
  
 Value F Hypothesis df Error df Sig. 
Noncent. 
Parameter 
Observed 
Powerb 
Pillai's trace ,558 44,145a 1,000 35,000 ,000 44,145 1,000 
Wilks' lambda ,442 44,145a 1,000 35,000 ,000 44,145 1,000 
Hotelling's trace 1,261 44,145a 1,000 35,000 ,000 44,145 1,000 
Roy's largest root 1,261 44,145a 1,000 35,000 ,000 44,145 1,000 
Each F tests the multivariate effect of Voicin. These tests are based on the linearly independent pairwise comparisons 
among the estimated marginal means. 
a. Exact statistic 
b. Computed using alpha = ,05 
 
Place of articulation 
Estimates 
placeofarticulation Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1 23,527 2,839 17,763 29,291 
2 21,056 2,134 16,723 25,388 
3 12,838 1,764 9,257 16,419 
 
Pairwise Comparisons 
(I) placeofarticulation (J) placeofarticulation 
Mean 
Difference (I-
J) Std. Error Sig.b 
95% Confidence Interval for 
Differenceb 
Lower Bound Upper Bound 
1 2 2,471 2,277 ,856 -3,254 8,196 
3 10,689* 1,848 ,000 6,042 15,336 
2 1 -2,471 2,277 ,856 -8,196 3,254 
3 8,218* 1,408 ,000 4,678 11,759 
3 1 -10,689* 1,848 ,000 -15,336 -6,042 
2 -8,218* 1,408 ,000 -11,759 -4,678 
Based on estimated marginal means 
*. The mean difference is significant at the ,05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
 
Multivariate Tests 
 Value F Hypothesis df Error df Sig. 
Noncent. 
Parameter 
Observed 
Powerb 
Pillai's trace ,649 31,499a 2,000 34,000 ,000 62,999 1,000 
Wilks' lambda ,351 31,499a 2,000 34,000 ,000 62,999 1,000 
Hotelling's trace 1,853 31,499a 2,000 34,000 ,000 62,999 1,000 
Roy's largest root 1,853 31,499a 2,000 34,000 ,000 62,999 1,000 
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Each F tests the multivariate effect of placeofarticulation. These tests are based on the linearly independent pairwise 
comparisons among the estimated marginal means. 
a. Exact statistic 
b. Computed using alpha = ,05 
 
Age group 
Estimates 
Age_group Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
Young 16,835 3,038 10,666 23,003 
Old 21,446 2,652 16,061 26,830 
 
Pairwise Comparisons 
(I) Age_group (J) Age_group 
Mean Difference 
(I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
Young Old -4,611 4,033 ,261 -12,799 3,577 
Old Young 4,611 4,033 ,261 -3,577 12,799 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
Univariate Tests 
 Sum of Squares df Mean Square F Sig. 
Noncent. 
Parameter 
Observed 
Powera 
Contrast 193,072 1 193,072 1,307 ,261 1,307 ,199 
Error 5169,892 35 147,711     
The F tests the effect of Age_group. This test is based on the linearly independent pairwise comparisons among the 
estimated marginal means. 
a. Computed using alpha = ,05 
 
 
 
 
 
 
 
 
 
 
  
  
Appendix 7a. Repeated measures for Center of gravity 
 
Tests of Within-Subjects Effects 
Source 
Type III Sum 
of Squares df Mean Square F Sig. 
Noncent. 
Paramete
r 
Observe
d 
Powera 
Placeofarticulation Sphericity 
Assumed 
172090043,00
5 
2 86045021,503 
186,93
7 
,00
0 
373,875 1,000 
Greenhous
e-Geisser 
172090043,00
5 
1,418 
121397678,65
5 
186,93
7 
,00
0 
264,997 1,000 
Huynh-
Feldt 
172090043,00
5 
1,502 
114552612,83
9 
186,93
7 
,00
0 
280,832 1,000 
Lower-
bound 
172090043,00
5 
1,000 
172090043,00
5 
186,93
7 
,00
0 
186,937 1,000 
Placeofarticulation * 
Age_group 
Sphericity 
Assumed 
6186414,504 2 3093207,252 6,720 
,00
2 
13,440 ,905 
Greenhous
e-Geisser 
6186414,504 1,418 4364089,560 6,720 
,00
6 
9,526 ,817 
Huynh-
Feldt 
6186414,504 1,502 4118018,296 6,720 
,00
5 
10,096 ,833 
Lower-
bound 
6186414,504 1,000 6186414,504 6,720 
,01
4 
6,720 ,713 
Error(Placeofarticulation) Sphericity 
Assumed 
32220173,717 70 460288,196     
Greenhous
e-Geisser 
32220173,717 
49,61
5 
649403,272     
Huynh-
Feldt 
32220173,717 
52,58
0 
612786,360     
Lower-
bound 
32220173,717 
35,00
0 
920576,392     
Voicin Sphericity 
Assumed 
8013147,178 1 8013147,178 35,135 
,00
0 
35,135 1,000 
Greenhous
e-Geisser 
8013147,178 1,000 8013147,178 35,135 
,00
0 
35,135 1,000 
Huynh-
Feldt 
8013147,178 1,000 8013147,178 35,135 
,00
0 
35,135 1,000 
Lower-
bound 
8013147,178 1,000 8013147,178 35,135 
,00
0 
35,135 1,000 
Voicin * Age_group Sphericity 
Assumed 
299988,503 1 299988,503 1,315 
,25
9 
1,315 ,200 
Greenhous
e-Geisser 
299988,503 1,000 299988,503 1,315 
,25
9 
1,315 ,200 
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Huynh-
Feldt 
299988,503 1,000 299988,503 1,315 
,25
9 
1,315 ,200 
Lower-
bound 
299988,503 1,000 299988,503 1,315 
,25
9 
1,315 ,200 
Error(Voicin) Sphericity 
Assumed 
7982384,568 35 228068,131     
Greenhous
e-Geisser 
7982384,568 
35,00
0 
228068,131     
Huynh-
Feldt 
7982384,568 
35,00
0 
228068,131     
Lower-
bound 
7982384,568 
35,00
0 
228068,131     
Placeofarticulation * Voicin Sphericity 
Assumed 
7839333,096 2 3919666,548 27,102 
,00
0 
54,203 1,000 
Greenhous
e-Geisser 
7839333,096 1,652 4745346,044 27,102 
,00
0 
44,772 1,000 
Huynh-
Feldt 
7839333,096 1,773 4421644,439 27,102 
,00
0 
48,050 1,000 
Lower-
bound 
7839333,096 1,000 7839333,096 27,102 
,00
0 
27,102 ,999 
Placeofarticulation * Voicin * 
Age_group 
Sphericity 
Assumed 
41623,235 2 20811,618 ,144 
,86
6 
,288 ,071 
Greenhous
e-Geisser 
41623,235 1,652 25195,594 ,144 
,82
7 
,238 ,070 
Huynh-
Feldt 
41623,235 1,773 23476,888 ,144 
,84
2 
,255 ,070 
Lower-
bound 
41623,235 1,000 41623,235 ,144 
,70
7 
,144 ,066 
Error(Placeofarticulation*Voic
in) 
Sphericity 
Assumed 
10123958,903 70 144627,984     
Greenhous
e-Geisser 
10123958,903 
57,82
0 
175093,933     
Huynh-
Feldt 
10123958,903 
62,05
3 
163149,981     
Lower-
bound 
10123958,903 
35,00
0 
289255,969     
a. Computed using alpha = ,05 
 
  
  
Appendix 7b. Post hoc tests for Center of gravity 
 
Voicing 
Estimates 
Voicin Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1 2183,335 90,940 1998,718 2367,953 
2 1799,843 93,371 1610,289 1989,396 
 
Pairwise Comparisons 
(I) Voicin (J) Voicin 
Mean Difference (I-
J) Std. Error Sig.b 
95% Confidence Interval for Differenceb 
Lower Bound Upper Bound 
1 2 383,493* 64,698 ,000 252,150 514,836 
2 1 -383,493* 64,698 ,000 -514,836 -252,150 
Based on estimated marginal means 
*. The mean difference is significant at the ,05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
 
Multivariate Tests 
 Value F Hypothesis df Error df Sig. 
Noncent. 
Parameter 
Observed 
Powerb 
Pillai's trace ,501 35,135a 1,000 35,000 ,000 35,135 1,000 
Wilks' lambda ,499 35,135a 1,000 35,000 ,000 35,135 1,000 
Hotelling's trace 1,004 35,135a 1,000 35,000 ,000 35,135 1,000 
Roy's largest root 1,004 35,135a 1,000 35,000 ,000 35,135 1,000 
Each F tests the multivariate effect of Voicin. These tests are based on the linearly independent pairwise comparisons 
among the estimated marginal means. 
a. Exact statistic 
b. Computed using alpha = ,05 
 
Place of articulation 
Estimates 
Placeofarticulation Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1 1440,332 94,891 1247,694 1632,971 
2 3245,219 153,849 2932,889 3557,548 
3 1289,216 48,382 1190,995 1387,438 
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Pairwise Comparisons 
(I) Placeofarticulation (J) Placeofarticulation 
Mean 
Difference (I-
J) Std. Error Sig.b 
95% Confidence Interval for 
Differenceb 
Lower Bound Upper Bound 
1 2 -1804,886* 132,404 ,000 -2137,822 -1471,951 
3 151,116 67,864 ,097 -19,531 321,763 
2 1 1804,886* 132,404 ,000 1471,951 2137,822 
3 1956,003* 126,010 ,000 1639,145 2272,860 
3 1 -151,116 67,864 ,097 -321,763 19,531 
2 -1956,003* 126,010 ,000 -2272,860 -1639,145 
Based on estimated marginal means 
*. The mean difference is significant at the ,05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
 
Multivariate Tests 
 Value F Hypothesis df Error df Sig. 
Noncent. 
Parameter 
Observed 
Powerb 
Pillai's trace ,873 117,136a 2,000 34,000 ,000 234,273 1,000 
Wilks' lambda ,127 117,136a 2,000 34,000 ,000 234,273 1,000 
Hotelling's trace 6,890 117,136a 2,000 34,000 ,000 234,273 1,000 
Roy's largest root 6,890 117,136a 2,000 34,000 ,000 234,273 1,000 
Each F tests the multivariate effect of Placeofarticulation. These tests are based on the linearly independent pairwise 
comparisons among the estimated marginal means. 
a. Exact statistic 
b. Computed using alpha = ,05 
 
Age group 
Estimates 
Age_group Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
Young 2054,916 130,031 1790,939 2318,894 
Old 1928,262 113,501 1697,843 2158,680 
 
Pairwise Comparisons 
(I) Age_group (J) Age_group 
Mean Difference 
(I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
Young Old 126,655 172,600 ,468 -223,741 477,051 
Old Young -126,655 172,600 ,468 -477,051 223,741 
Based on estimated marginal means 
  
a. Adjustment for multiple comparisons: Bonferroni. 
 
Univariate Tests 
 Sum of Squares df Mean Square F Sig. 
Noncent. 
Parameter 
Observed 
Powera 
Contrast 145673,713 1 145673,713 ,538 ,468 ,538 ,110 
Error 9468579,285 35 270530,837     
The F tests the effect of Age_group. This test is based on the linearly independent pairwise comparisons among the 
estimated marginal means. 
a. Computed using alpha = ,05 
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Appendix 8. Repeated measures for Harmonicity 
 
Tests of Within-Subjects Effects 
Source 
Type III 
Sum of 
Squares df 
Mean 
Square F Sig. 
Noncent. 
Parameter 
Observed 
Powera 
Placeofarticulation Sphericity 
Assumed 
107,102 2 53,551 31,871 ,000 63,743 1,000 
Greenhouse-
Geisser 
107,102 1,904 56,264 31,871 ,000 60,669 1,000 
Huynh-Feldt 107,102 2,000 53,551 31,871 ,000 63,743 1,000 
Lower-bound 107,102 1,000 107,102 31,871 ,000 31,871 1,000 
Placeofarticulation * Age_group Sphericity 
Assumed 
4,618 2 2,309 1,374 ,260 2,748 ,286 
Greenhouse-
Geisser 
4,618 1,904 2,426 1,374 ,260 2,616 ,279 
Huynh-Feldt 4,618 2,000 2,309 1,374 ,260 2,748 ,286 
Lower-bound 4,618 1,000 4,618 1,374 ,249 1,374 ,207 
Error(Placeofarticulation) Sphericity 
Assumed 
117,616 70 1,680     
Greenhouse-
Geisser 
117,616 66,624 1,765     
Huynh-Feldt 117,616 70,000 1,680     
Lower-bound 117,616 35,000 3,360     
Voicin Sphericity 
Assumed 
36,266 1 36,266 31,954 ,000 31,954 1,000 
Greenhouse-
Geisser 
36,266 1,000 36,266 31,954 ,000 31,954 1,000 
Huynh-Feldt 36,266 1,000 36,266 31,954 ,000 31,954 1,000 
Lower-bound 36,266 1,000 36,266 31,954 ,000 31,954 1,000 
Voicin * Age_group Sphericity 
Assumed 
1,465 1 1,465 1,291 ,264 1,291 ,197 
Greenhouse-
Geisser 
1,465 1,000 1,465 1,291 ,264 1,291 ,197 
Huynh-Feldt 1,465 1,000 1,465 1,291 ,264 1,291 ,197 
Lower-bound 1,465 1,000 1,465 1,291 ,264 1,291 ,197 
Error(Voicin) Sphericity 
Assumed 
39,723 35 1,135     
Greenhouse-
Geisser 
39,723 35,000 1,135     
Huynh-Feldt 39,723 35,000 1,135     
  
Lower-bound 39,723 35,000 1,135     
Placeofarticulation * Voicin Sphericity 
Assumed 
24,646 2 12,323 13,960 ,000 27,920 ,998 
Greenhouse-
Geisser 
24,646 1,904 12,944 13,960 ,000 26,581 ,997 
Huynh-Feldt 24,646 2,000 12,323 13,960 ,000 27,920 ,998 
Lower-bound 24,646 1,000 24,646 13,960 ,001 13,960 ,953 
Placeofarticulation * Voicin * 
Age_group 
Sphericity 
Assumed 
4,277 2 2,138 2,422 ,096 4,845 ,473 
Greenhouse-
Geisser 
4,277 1,904 2,246 2,422 ,099 4,613 ,460 
Huynh-Feldt 4,277 2,000 2,138 2,422 ,096 4,845 ,473 
Lower-bound 4,277 1,000 4,277 2,422 ,129 2,422 ,328 
Error(Placeofarticulation*Voicin) Sphericity 
Assumed 
61,792 70 ,883     
Greenhouse-
Geisser 
61,792 66,644 ,927     
Huynh-Feldt 61,792 70,000 ,883     
Lower-bound 61,792 35,000 1,765     
a. Computed using alpha = ,05 
 
Appendix 8b. Post hoc tests for Harmonicity 
 
Voicing 
Estimates 
Voicin Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1 ,868 ,199 ,464 1,272 
2 1,684 ,205 1,268 2,099 
 
Pairwise Comparisons 
(I) Voicin (J) Voicin 
Mean Difference 
(I-J) Std. Error Sig.b 
95% Confidence Interval for Differenceb 
Lower Bound Upper Bound 
1 2 -,816* ,144 ,000 -1,109 -,523 
2 1 ,816* ,144 ,000 ,523 1,109 
Based on estimated marginal means 
*. The mean difference is significant at the ,05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
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Multivariate Tests 
 Value F Hypothesis df Error df Sig. 
Noncent. 
Parameter 
Observed 
Powerb 
Pillai's trace ,477 31,954a 1,000 35,000 ,000 31,954 1,000 
Wilks' lambda ,523 31,954a 1,000 35,000 ,000 31,954 1,000 
Hotelling's trace ,913 31,954a 1,000 35,000 ,000 31,954 1,000 
Roy's largest root ,913 31,954a 1,000 35,000 ,000 31,954 1,000 
Each F tests the multivariate effect of Voicin. These tests are based on the linearly independent pairwise comparisons 
among the estimated marginal means. 
a. Exact statistic 
b. Computed using alpha = ,05 
 
Place of articulation 
Estimates 
Placeofarticulation Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
1 1,244 ,281 ,673 1,815 
2 2,150 ,230 1,682 2,618 
3 ,434 ,144 ,141 ,726 
 
Pairwise Comparisons 
(I) Placeofarticulation (J) Placeofarticulation 
Mean 
Difference (I-
J) Std. Error Sig.b 
95% Confidence Interval for 
Differenceb 
Lower Bound Upper Bound 
1 2 -,906* ,230 ,001 -1,485 -,327 
3 ,810* ,223 ,003 ,250 1,371 
2 1 ,906* ,230 ,001 ,327 1,485 
3 1,716* ,190 ,000 1,239 2,194 
3 1 -,810* ,223 ,003 -1,371 -,250 
2 -1,716* ,190 ,000 -2,194 -1,239 
Based on estimated marginal means 
*. The mean difference is significant at the ,05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
 
Multivariate Tests 
 Value F Hypothesis df Error df Sig. Noncent. Parameter Observed Powerb 
Pillai's trace ,700 39,719a 2,000 34,000 ,000 79,438 1,000 
Wilks' lambda ,300 39,719a 2,000 34,000 ,000 79,438 1,000 
Hotelling's trace 2,336 39,719a 2,000 34,000 ,000 79,438 1,000 
Roy's largest root 2,336 39,719a 2,000 34,000 ,000 79,438 1,000 
  
Each F tests the multivariate effect of Placeofarticulation. These tests are based on the linearly independent pairwise 
comparisons among the estimated marginal means. 
a. Exact statistic 
b. Computed using alpha = ,05 
 
Age group 
Estimates 
Age_group Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
Young 1,324 ,284 ,747 1,900 
Old 1,228 ,248 ,725 1,732 
 
Pairwise Comparisons 
(I) Age_group (J) Age_group 
Mean Difference 
(I-J) Std. Error Sig.a 
95% Confidence Interval for 
Differencea 
Lower Bound Upper Bound 
Young Old ,095 ,377 ,802 -,670 ,861 
Old Young -,095 ,377 ,802 -,861 ,670 
Based on estimated marginal means 
a. Adjustment for multiple comparisons: Bonferroni. 
 
Univariate Tests 
 Sum of Squares df Mean Square F Sig. 
Noncent. 
Parameter 
Observed 
Powera 
Contrast ,083 1 ,083 ,064 ,802 ,064 ,057 
Error 45,205 35 1,292     
The F tests the effect of Age_group. This test is based on the linearly independent pairwise comparisons among the 
estimated marginal means. 
a. Computed using alpha = ,05 
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Appendix 9. Analyses of variances for markedness 
types 
 
Oneway ANOVA for labials produced by young children 
ANOVA 
Total_duration   
 Sum of Squares df Mean Square F Sig. 
Between Groups 16640,832 2 8320,416 5,522 ,005 
Within Groups 293837,011 195 1506,856   
Total 310477,843 197    
 
Post hoc Tests 
Multiple Comparisons 
Dependent Variable:   Total_duration   
Bonferroni   
(I) Markedness (J) Markedness 
Mean Difference 
(I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
longvoiceless shortvoiceless -17,208 10,922 ,350 -43,58 9,17 
longvoiced 13,440 5,785 ,064 -,53 27,41 
shortvoiceless longvoiceless 17,208 10,922 ,350 -9,17 43,58 
longvoiced 30,648* 10,728 ,014 4,74 56,55 
longvoiced longvoiceless -13,440 5,785 ,064 -27,41 ,53 
shortvoiceless -30,648* 10,728 ,014 -56,55 -4,74 
*. The mean difference is significant at the 0.05 level. 
 
Oneway ANOVA for labials produced by old children 
ANOVA 
Total_duration   
 Sum of Squares df Mean Square F Sig. 
Between Groups 34136,975 2 17068,487 18,749 ,000 
Within Groups 223949,154 246 910,362   
Total 258086,129 248    
 
 
 
 
 
 
 
 
 
 
 
  
Post hoc Tests 
Multiple Comparisons 
Dependent Variable:   Total_duration   
Bonferroni   
(I) Markedness (J) Markedness 
Mean Difference 
(I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
longvoiceless shortvoiceless -23,940* 7,120 ,003 -41,10 -6,78 
longvoiced 16,375* 4,012 ,000 6,70 26,05 
shortvoiceless longvoiceless 23,940* 7,120 ,003 6,78 41,10 
longvoiced 40,315* 7,218 ,000 22,92 57,71 
longvoiced longvoiceless -16,375* 4,012 ,000 -26,05 -6,70 
shortvoiceless -40,315* 7,218 ,000 -57,71 -22,92 
*. The mean difference is significant at the 0.05 level. 
 
Oneway ANOVA for coronals pronounced by young children 
ANOVA 
Total_duration   
 Sum of Squares df Mean Square F Sig. 
Between Groups 58516,502 3 19505,501 13,209 ,000 
Within Groups 398690,856 270 1476,633   
Total 457207,358 273    
 
Post hoc Tests 
Multiple Comparisons 
Dependent Variable:   Total_duration   
Bonferroni   
(I) Markedness (J) Markedness 
Mean Difference 
(I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
longvoiceless shortvoiceless -22,838* 7,678 ,019 -43,24 -2,43 
shortvoiced 18,785 9,401 ,280 -6,20 43,77 
longvoiced 15,833 6,063 ,057 -,28 31,95 
shortvoiceless longvoiceless 22,838* 7,678 ,019 2,43 43,24 
shortvoiced 41,623* 9,676 ,000 15,91 67,34 
longvoiced 38,671* 6,482 ,000 21,44 55,90 
shortvoiced longvoiceless -18,785 9,401 ,280 -43,77 6,20 
shortvoiceless -41,623* 9,676 ,000 -67,34 -15,91 
longvoiced -2,952 8,452 1,000 -25,42 19,51 
longvoiced longvoiceless -15,833 6,063 ,057 -31,95 ,28 
shortvoiceless -38,671* 6,482 ,000 -55,90 -21,44 
shortvoiced 2,952 8,452 1,000 -19,51 25,42 
*. The mean difference is significant at the 0.05 level. 
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Oneway ANOVA for coronals pronounced by old children 
ANOVA 
Total_duration   
 Sum of Squares df Mean Square F Sig. 
Between Groups 161632,721 3 53877,574 75,401 ,000 
Within Groups 275101,392 385 714,549   
Total 436734,113 388    
 
Post hoc Tests 
Multiple Comparisons 
Dependent Variable:   Total_duration   
Bonferroni   
(I) Markedness (J) Markedness 
Mean Difference 
(I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
longvoiceless shortvoiceless -14,912* 4,335 ,004 -26,41 -3,42 
shortvoiced 44,639* 5,360 ,000 30,43 58,85 
longvoiced 32,268* 3,280 ,000 23,57 40,97 
shortvoiceless longvoiceless 14,912* 4,335 ,004 3,42 26,41 
shortvoiced 59,551* 5,776 ,000 44,23 74,87 
longvoiced 47,181* 3,924 ,000 36,77 57,59 
shortvoiced longvoiceless -44,639* 5,360 ,000 -58,85 -30,43 
shortvoiceless -59,551* 5,776 ,000 -74,87 -44,23 
longvoiced -12,371 5,034 ,087 -25,72 ,98 
longvoiced longvoiceless -32,268* 3,280 ,000 -40,97 -23,57 
shortvoiceless -47,181* 3,924 ,000 -57,59 -36,77 
shortvoiced 12,371 5,034 ,087 -,98 25,72 
*. The mean difference is significant at the 0.05 level. 
 
Oneway ANOVA for dorsals pronounced by young children 
ANOVA 
Total_duration   
 Sum of Squares df Mean Square F Sig. 
Between Groups 68130,587 3 22710,196 13,837 ,000 
Within Groups 594122,421 362 1641,222   
Total 662253,008 365    
 
 
 
 
 
 
 
  
Post hoc Tests 
Multiple Comparisons 
Dependent Variable:   Total_duration   
Bonferroni   
(I) Markedness (J) Markedness 
Mean Difference 
(I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
longvoiceless shortvoiceless -26,909* 6,956 ,001 -45,36 -8,46 
shortvoiced -13,209 6,786 ,314 -31,21 4,79 
longvoiced 7,782 6,506 1,000 -9,48 25,04 
shortvoiceless longvoiceless 26,909* 6,956 ,001 8,46 45,36 
shortvoiced 13,700 5,986 ,136 -2,18 29,58 
longvoiced 34,691* 5,667 ,000 19,66 49,72 
shortvoiced longvoiceless 13,209 6,786 ,314 -4,79 31,21 
shortvoiceless -13,700 5,986 ,136 -29,58 2,18 
longvoiced 20,991* 5,456 ,001 6,52 35,47 
longvoiced longvoiceless -7,782 6,506 1,000 -25,04 9,48 
shortvoiceless -34,691* 5,667 ,000 -49,72 -19,66 
shortvoiced -20,991* 5,456 ,001 -35,47 -6,52 
*. The mean difference is significant at the 0.05 level. 
 
Oneway ANOVA for dorsals pronounced by old children 
ANOVA 
Total_duration   
 Sum of Squares df Mean Square F Sig. 
Between Groups 33076,436 3 11025,479 13,547 ,000 
Within Groups 480981,558 591 813,844   
Total 514057,993 594    
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Post hoc Tests 
Multiple Comparisons 
Dependent Variable: Total_duration   
Bonferroni   
(I) Markedness (J) Markedness 
Mean Difference 
(I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
longvoiceless shortvoiceless -19,221* 3,821 ,000 -29,34 -9,11 
shortvoiced -6,529 3,814 ,525 -16,63 3,57 
longvoiced -2,164 3,862 1,000 -12,39 8,06 
shortvoiceless longvoiceless 19,221* 3,821 ,000 9,11 29,34 
shortvoiced 12,692* 3,050 ,000 4,62 20,77 
longvoiced 17,057* 3,110 ,000 8,83 25,29 
shortvoiced longvoiceless 6,529 3,814 ,525 -3,57 16,63 
shortvoiceless -12,692* 3,050 ,000 -20,77 -4,62 
longvoiced 4,365 3,101 ,959 -3,84 12,57 
longvoiced longvoiceless 2,164 3,862 1,000 -8,06 12,39 
shortvoiceless -17,057* 3,110 ,000 -25,29 -8,83 
shortvoiced -4,365 3,101 ,959 -12,57 3,84 
*. The mean difference is significant at the 0.05 level. 
 
